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PREFACE. 

E 



While it is true that there are several very excellent works on 
machine design before the public, it ic also unfortunately the case 
that we have no simple and cheap work which begins at the begin- 
ning and leads the student on by gradual and easy steps to an ac- 
quaintance with the more important departments of the subject. 

The object of the writer in preparing the present little volume 
is to supply this want and to furnish a stepping stone, as it were, to 
the study of more elaborate works. 

As the best way to impart a clear knowledge of any practical 
subject is to work out such easy examples as are likely to occur in 
every-day practice, the author has begun by giving the rules and 
directions required for the designing and drawing of one of the most 
common objects of the workshop — a screw wrench. Having worked 
out this easily understood example he then passes on to more intri- 
cate and difficult problems, and by degrees leads the young me- 
chanic to the study of the slide valve and the eccentric. 

Those who desire to carry their studies further in this direction 
will find ample material in the author's large work entitled, •• Easy 
Lessons in Mechanical Drawing and Machine Design, arranged for 
Self-Instruction." 

The very simplest language has been used throughout the vol- 
ume, and the methods given are not only the most accurate but the 
simplest in use. 

In the hope that this little book will lead many young mechan- 
ics to the successful study of the higher branches of the profession 
the author submits it to his fellow mechanics. 



J. G. A. MEYER. 



New York, 1897. 
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The Elementary Principles 

OF 

Machine Design. 



By Machine Design is generally understood, those calcu- 
lations and drawings which are required for the production 
of efficient, economical and attractive looking tools and 
machines. This art demands such a combination of 
knowledge and skill as will insure a proper adjustment of 
strength to the work to be done, and such a distribution 
of the material employed and of the form into which it is 
put, that on tne one hand there shall be no superfluous 
weight and consequent waste, and on the other no 
deficiency of material where material is needed. The 
machine designer begins where the inventor leaves off, 
and without the aid of a good designer most mechanical 
inventions would either prove failures or they would in- 
volve an expense for experimenting that would be ruinous. 

It is true that very often we have parts of a machine or 
tools to design for which it is impossible to determine ex- 
actly the magnitude of the forces which act upon them. 
In such cases we must be satisfied with the results ob- 
tained by the application of empirical rules, that is, rules 
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2 The Elementary Principles of 

founded upon experiments or experience, and which do not 
depend on the strict application of the rules of higher 
mathematics, but on experience or observation alone. 

From what just has been stated it will be seen that it is 
of the utmost importance that the young mechanic should 
make a thorough study of this branch of his art and the 
easiest and best way to gain a knowledge of the subject is 
to commence with some simple tool of every day use in the 
shop. Such a tool is the wrench, of which we will now 
give the proportions. 

Proportions of a Wrench. 

The wrench shown in Figs, lb and 2b is probably as 
good, useful and simple a subject as we can take up in 
these exercises. It will readily be understood that it is 
impossible to determine exactly the amount of pull which 
a workman or workmen may exert on the end of the 
wrench, or to compute the stresses set up in it by the 
rough usage to which it may be subjected. Hence we 
employ such empirical rules as will furnish us such pro- 
portions as have been found to give good results in 
practice. Furthermore, we will have the opportuuity of 
showing the advantage and the great simplicity of the use 
of symbolic expressions or formulas which are simply 
shorthand ways of writing a rule, and do not involve any 
knowledge of algebra, a science which is the great bug- 
bear of mechanics, and is mistakenly considered to be a 
useless science in practice. 

We may here point out that the advantage of these sym- 
bolic expressions is that they are applicable to designing 
any size of wrench. Thus, in finding the proportions of 
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Fig. lb. 



J. G. A. MEYER. 

Fig. 2b. 
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any part of the wrench we use the diameter of the bolt 
for which the wrench is to be designed, for a unit of meas- 
urement, and instead of writing " diameter of bolt " in full 
we simply write "D," which is the first letter of the word 
"diameter," and thereby not only save the labor of writing 
three words, but also add much to the simplicity with 
which the rule may be stated. If, now, these simple in- 
structions are understood and kept in mind; and if, in 
addition to this, the student is familiar with the meaning 
of the ordinary signs used in arithmetic, we may say that 
he has mastered the whole subject of reading formulas. 

Now, it seems to us that the student cannot fail to un. 
derstand that Fig* lb informs us that the distance be- 
tween the jaws must be equal to 1J D + J", which reads 
1^ times the diameter of the bolt plus \ inch ; this dimen- 
sion is the distance across the flats of the nut made in 
accordance with the American standard of bolt heads and 
nuts. The width of the jaw is equal to D; this indicates 
that the width must be equal to the diameter of the bolt. 
The width of the shank is marked \\ D, this indicates 
that the width must be equal to \\ times the diameter of 
the bolt. The radius of the arc joining the edges of the 
shank and the contour of the head is equal to 2D, or twice 
the diameter of the bolt; and the length of the wrench 
from the center of the bolt to the end is equal to 15 times 
the diameter of the bolt. The thickness of the wrench is 
plainly indicated in the side view in Fig. lb. We may 
also point to the fact that in Fig. lb the center line of the 
head of the wrench coincides with the center line of the 
shank. 

2. — In Fig. 2b we show a wrench the head of which 
is set obliquely to the shank ; here the center line of the 
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head makes an angle of 15 degrees with that of the shank. 
With a wrench of this kind, a nut can be screwed up with 
the smallest possible angular movement of the wrench. 
Thus, taking hold of a hexagonal nut we can swing the 
wrench through an angular movement of 30 degrees, and 
turn the nut through ^ of a revolution, and then revers- 
ing the wrench we can turn the nut through another ^ of 
a revolution, and by repeating this operation we can turn 
the nut through any angle we please. If the nut had been 
a square one, the angle between the center line of the head 
and that of the shank should have been 22£ degrees. 
Hence wrenches of this kind are suitable for screwing up 
nuts in contracted spaces. 

3. — In order to explain the mode of procedure of mak- 
ing a drawing of the wrench shown in Fig. 2b we will 
take the following example. 

Example 1. — It is required to make a drawing of 
a wrench for a bolt I inch diameter. 

Through any point c draw the center line cf, making an 
angle of 15 degrees with a vertical line; around the point 
c, and on the line cf, draw a hexagonal nut in accordance 
with the well-known methods given in all standard works 
on Mechanical Drawing. A simple and thorougly accurate 
method will be found in Chapter IV, of the Author's 
'•Easy Lessons in Mechanical Drawing." 

According to the proportions given in Fig. lb, the dis- 
tance across the flats of a hexagonal nut for a 1 inch bolt, 
and, consequently, the distance between the jaws of the 
wrench, will be 1§ inches. Now, referring again to Fig. 
lb, we notice that the outer contour of the jaws consists 
simply of arcs drawn from centers placed on the inner 
sides of the jaws; these lines must be produced so that 
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6 The Elementary Principles of 

the centers can be placed on these lines at a distance 
equal to the diameter of the bolt from the corner of the 
nut; this same distance is also equal to the .radii of the 
arcs which form the outer contour of the jaws. Hence, 
from each of the centers r and s in Fig. 2b, and with a 
radius of 1 inch, draw arcs, and tangent to these draw, 
from the center c, an arc, and thus complete the whole 
contour of the head. 

4. — Through the center g, of the width hi, draw a verti- 
cal line; this will be the center line of the shank, and its 
width will be, according to the proportions given in Fig. 
lb, l£ inches ; hence, at a distance of f inch from the cen- 
ter line, and parallel to it, draw two straight lines, and 
join the line on the right hand side of the wrench and the 
contour of the head by an arc drawn with a radius 
of 2 inches; through the center u, from which this arc 
has been drawn, draw a horizontal line on which 
must be placed the center v, for drawing the arc joining 
the left hand edge of the shank and the contour of the 
head; this finishes the drawing of the upper end of the 
wrench. 

5, — For the lower end we proceed as follows : Draw the 
horizontal center line mn\ the distance between this line 
and the line ab should be equal to 15 diameters of the 
larger bolt, for which the wrench is to be designed ; hence 
this distance will be equal to 15 X 1 J = 16£ inches. 

Now, for establishing the center o it will be best to 
make a separate drawing of the lower head, which will en- 
able us to find the position of the pointy, the center of 
the width Ik; we then measure the center vertical distance 
from,; to the center of the bolt, and make pq, in Fig. 2b, 
equal to it, and thus establish the position of point,;; then 
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through this point draw a center line making an angle of 
15 degrees with the center of the shanh, and cutting the 
line mn in the point o; around this point draw the nut 
and the contour of the head, following the same method 
as was used for drawing the upper head. 

The width of the shank at the lower end will be greater 
than that at the upper end, which is designed for a smaller 
bolt; but the proportion 1£ D, given in Fig. lb, holds 
good in this case ; since the diameter of the bolt at the 
lower end is 1£ inches, the width of the shank will be 1£ X 
1£ = 1-j.j. inches. After the arcs at the lower end, joining 
the edges of the shank, and the contour of the head have 
been drawn, join these arcs and the upper ones by straight 
lines drawn tangent to the arcs. If there had been no 
head at the lower end the width of the shank would have 
been 1£ X 1 = l£ inches. 

For drawing the side view so as to show the thickness 
of the wrench, commence by drawing the center line, and 
around this draw an outline of the wrench in accordance 
with the proportions given in Fig. la. A further explan- 
ation is unnecessary. 



Proportions of Cottered Joints. 

6- — The proportions of cottered joints are given in 
symbols on the following illustrations. These symbolic 
expressions will be given in ordinary language as we pro- 
ceed. It should, however, be understood that the magni- 
tude of the forces acting upon these joints can generally be 
computed, and, therefore, not all of these symbolic expres- 
sions should be looked upon as empirical rules; indeed, 
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many of them have been deduced from sound reasoning 
based upon the principles relating to the strength of ma- 
terials. But at this early stage the student may not be 
sufficiently advanced to understand this reasoning, conse- 
quently we will, for the present, explain only the manner 
of applying these formulas to the designing of joints of 
this kind, and work out the following example. This sub- 
ject is further considered in the author's " Easy Lessons 
in Mechanical Drawing." 

Example 2. — In Fig. 3b the rod is subjected to a 
pull or tension of 25,000 pounds; it is made of 
wrought iron; find the diameter of the rod and di- 
mensions of the cottered joint. 

Our first step will be to find the diameter d of the rod. 
In ordinary practice we can allow a pull or tension of from 
10,000 to 12,000 pounds per square inch of cross-section 
of the rod, depending on the quality of the iron. Let us 
adopt 10,000 pounds per square inch for the safe tension 
on the cross-section of the rod. Now, it will not require 
much mental labor to conceive that if each square inch of 
section can stand a tension of 10,000 pounds, then for a 
tension of 25,000 we will require an area of \ gggg = 2£ 
square inches ; and as soon as this area of the cross-sec- 
tion is known we can easily find the diameter of the rod 
by the ordinary rules of mensuration. But the draftsman 
or designer would never think of spending so much time 
and labor in computing this diameter; he takes, so to 
speak, a short cut and a much easier way of finding this 
diameter by referring to a table of areas of circles found 
in all engineers' pocketbooks and thus finds at once that a 
circular cross-section containing the 2£ square inches will 
be nearly l^f inches diameter, or in decimals, which are 
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easier to use in the following computations, the diameter 
of the circle will be 1.8125 inches. The manner of handl- 
ing decimals is explained in our regular course of in- 
struction. 

The end of the rod through which the cotter passes is 
weakened by the slot, and in order to make the end equal 
in strength to the body we must increase the diameter at 
the end, and this increase can be computed without ex 
pending much la- 
bor by the form- 
ula given on the 
illustration. 
Now, in all these 
formulas the let- 
ter D stands for 
the diameter of 
the end, and the 
other letters re- 
fer to the parts 
having the same 
letters. Thus we 
see that D = 
l,22rf, which 
reads, the diam- 
eter at the end 
is equal to 1.22 
times the diameter d of the body of the rod ; the diameter 
d we have found to be equal 1.8125 inches; hence the 
diameter D must be equal to 

1.22 x 1.8125 = 2.21125, say 2^ inches. 

It will also be noticed that this diameter D is the unit 
of measurement in all the formulas; thus we see that the 




WhervcL 
isgwen, 
lKenD=U2d 



Fig. 3b. 



Digitized by LjOOQ IC 



10 The Elementary Principles of 

width a of the cotter near the center is equal to \\ times 
the diameter D; hence a = \\ X 2.21125 = 2.764, say 
2f inches for the width of the cotter near the center ; the 
diameter b of the collar is equal to If times D, hence we 
have If X 2.21125 = 3.869, say 3£ inches for the diam- 
eter of the collar ; the thickness c of the collar is equal 
£ D, or 2 2 y 2 & = say 1 J inches. The distance e from 
the cotter to the end of the rod is f times D, hence this 
distance will be equal to f x 2.21125 = say Iff inches. 
The distance f from the slot to the collar depends on the 
thickness of the part through which the end of the rod 
passes ; and when this part is of cast iron, and if it is first 
to be found, it is often advisable to make it suitable to re- 
ceive a rod in which the distance f is equal to the diam- 
eter of the end. The thickness of the cotter in joints of 
this kind is generally equal to J the diameter D ; hence, 
in this case, this thickness is equal to J X 2.21125 = ^ 
inch. The bearing surface of the cotter against the part 
to which the rod is attached should not be less than the 
bearing surface of the cotter against the end of the rod; 
according to this, the length of the cotter should be equal 
to twice the diameter D; but in practice this length is 
generally greater, so that the cotter can be driven home 
before the end of the cotter reaches the rod. The taper 
of the cotter should be about J inch in 12 inches. 

7. — In Fig* bb we have given several views of a cot- 
tered joint, such as is very often used for connecting a 
locomotive valve-stem whose diameter is d and a valve- 
rod whose diameter is d 2 . 

In designs of this kind it is difficult to determine exact- 
ly the amount of pull or tension on the stem; but for the 
purpose of making these lessons useful and practical, so 
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that the rules can be applied to similar joints used for 
different purposes, we will assume that the total tension 
on the valve-stem is 2,500 pounds. 

In looking at the general construction of this joint, it is 
easily seen that the tapered shank through which the cot- 
ter passes is the 
weakest part; and, 
furthermore, the 
weakest portion of 
the shank is at the 
smallest diameter 
through which the 
cotter passes; this 
part is marked D, 
and of this we 
must first find the 
area of the cross- 
section required for 
resisting the given 
total, tension of 
2,500 pounds. In 
computing this we 
must not overlook 
the fact that when 
this joint is used 
for connecting a 
valve-rod and stem 
the joint will be 
subjected alternate- 
ly to tension and 
compression, and % ®* ' 

the rapid change from one kind of stress to the other is 
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liable to produce shocks, and for a material subjected to 
shocks we must use a larger factor of safety than was em- 
ployed in the last example, in which the rod was assumed 
to be subjected to a steady load, or to tension only. 
Hence, instead of allowing a safe working stress of 10,000 
pounds per square inch we must not allow more than 
5,000 pounds to the square inch. Taking this allowable 
working stress it will readily be seen that for a total 
stress of 2,500. pounds we will need a cross-sectional area 
of |$## = ^ square inch, without any allowance for the 
cotter hole, and the diameter of a circle containing an 
area of £ square inch is very nearly equal to ^ $ inch. 

Comparing this mode of procedure with that of com- 
puting d in the last example, we see that we have here 
computed the diameter d 2 of the valve rod under the 
assumption that it is subjected to tension and compres- 
sion; hence, for computing the diameter D in Fig. 4b so 
that the proper allowance is made for the metal cut out 
for the cotter, whose thickness is to be £ of D, we follow 
the rule given in Fig. 8b, namely, multiply J|, or the 
equivalent decimal, which is .8125, by 1.22, and we thus 
get 

.8125 X 1.22 = .991 say 1 inch, 

for the diameter D. 

Now, to find the dimensions of some of the other parts 
of this joint we use the rules given in Fig. 8b. Thus, the 
width of the cotter will be 1 J times D ; and since D is 
equal to 1 inch we have for this width, lj X 1 = 1£ 
inches. 

For the thickness of the cotter we have J D, which is 
equal to J inch. For the distance from the cotter to the 
end of the shank we have J D ; hence this distance is equal 
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to £ inch ; many engineers make it equal to D. On ac- 
count of enlargement of the hole in the end of the socket, 
we should make the distance from the cotter to the shoul- 
der not less than f D. The outside diameter of the socket 
is generally made equal to twice D ; hence, in this case, 
the outside diameter of the socket will be 2 inches. 

We have now all the dimensions required for making a 
drawing of the joint. 

In making the drawing, commence by drawing the hor- 
izontal center line, and on it set off the length of the 
shank and width of the cotter ; in fact, draw a section of 
the cotter in accordance with the dimensions as computed 
above ; this will establish the position of the diameter D, 
which, as we have seen, is to be 1 inch. Through the ex- 
tremities of this diameter draw the straight lines indicat- 
ing the taper of the shank ; this taper, or the variation in 
the diameter of the shank, is generally equal to J inch in 
2 inches, or 1 in 16, and in some cases it is 1 in 32. In 
this way we establish the large diameter of the shank, 
then allowing say ^ inch for a shoulder around it, we 
obtain the diameter d of the stem, which is the last 
dimension to be determined, for the completion of the 
joint. 

In this design a collar on the stem is not permissible, 
because the diameter of stem must be uniform through 
the whole of its length, so that it can pass through the 
stuffing box gland and work in it with a fairly good fit. 

It would seem that the diameter d 2 should be equal to 
.82 times D, as given in the formula in Fig* 8b. But 
since we have assumed that this joint is one for connect- 
ing a locomotive valve rod and is subjected to a bending 
action, the diameter d 2 should not be less than D. 
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8. — But in cases where a cottered joint is used for 
other purposes, a collar on the stem may be used, as 
shown in Fig. 5b; and if the shank in the socket is 
tapered, the dimensions of the collar are found by the 
formulas given in Fig. 5b. If the shank is of uniform 
diameter throughout, we prefer to compute the dimen- 
sions of the collar by the formulas given in Fig. 8b. The 
distance f = % D given in Fig. 5b is the smallest per- 




d=*82D 



fn*-*4 




f=JD minimum, 




Fig 5b. 



missible ; and whenever the design will permit, we prefer 
to make it equal to £ D or D. In regard to computing the 
dimensions of the joint nothing need be said, as the form- 
ulas given in Fig. 5b are used in precisely the same way 
as explained above. 

9, — When extreme lightness is demanded in a de- 
sign, the weight of the socket may be lessened by reduc- 
ing its diameter 6 2 , as shown in Fig. 6b, and in practice 
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it is generally made equal to 1.5D; but in accordance 
with theoretical reasoning it be could made equal to 1.34 
D. Between the cotter and the collar the outer diameter h 
of the socket cannot be reduced without reducing the bear- 
ing surface of the cotter against the socket, and this is ob- 
jectionable ; hence the diameter A is generally equal to 2D. 
10. — In Fig. 7 b we have shown several views of a 
knuckle-joint for a locomotive valve rod ; with this kind of 
joint the valve rod will not be subjected to any bending 
action, and, therefore, the diameter d 2 at the end of the 
rod can be made equal to .82 times the diameter D of the 
weakest part of the shank. Of course the diameter D 



b=fiD 
c r *D 
d=.82D 



ff-io 




Fig. 6b. 



must first be computed, as explained in the preceding ex- 
ample. The drawing shows a construction well adapted 
to protecting the pin from dust. 

11, — All the preceding illustrations represent cot- 
tered joints made wholly of wrought iron. Fig. 8b shows 
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Fig. 76. 



Digitized by LjOOQ IC 



Machine Design. 



17 



a wrought iron rod cot- 
tered to a cast iron hub. 
In this case we should 
make the outside diam- 
eter of the hub equ^il to 
twice the largest diam- 
eter of the shank. For 
finding the other di- 
mension of the rod and 
hub we use the same 
rules as given in the 
previous examples re- 
lating to cottered joints. 
12.— Fig. 9b gives 
the proportions of a 
connecting rod strap. 
The width B of the strap 
is generally 
made equal 
to, or a very 
little larger 
than, the di- 
ameter of 
the rod; and 
when the 
width B is es- 
tablished the 
thickness b of 
the strap can 
be computed. 
In designing 
a connecting 




a=MB 

O" comhuted, 




Fig. 9b. 
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rod the first dimension computed is its diameter ; but for 
the sake of simplicity we will assume that this diameter 
and, consequently, the width B which, in this case, is 
equal to it, is known. 

Example 3. — It is required to find the dimensions 
of a connecting rod strap of the fdrm shown in Fig. 
9b. The connecting rod is to be used for an engine 
with a cylinder 4 inches in diameter. The total ten- 
sion or pull on the strap is 1,300 pounds. The diam- 
eter at the neck of the connecting rod is 3/4 inch and 
width B of the strap is 3/4 inch also. 

Here, again, we may adopt a safe working stress of 
5,000 pounds per square inch, and therefore the aggre- 
gate area of both cross-sections of the thinnest part b of 
the strap will have to be 

m$ = 0.26 square inch, 

and the area of one section of the strap, that is a section 
through b, will have to be 

£-g*-« = 0.13 square inch. 

Now, dividing tnis by the width B of the strap, which 
is J inch, we have 

m = 0.17, say ft inch 

for the thickness b of the strap. This thickness is re- 
quired for resisting the pull or tension on the strap, and 
does not meet other demands of a practical nature, for 
which an allowance must be made. The brasses are 
liable to wear unevenly in the inner surfaces of the strap, 
thereby reducing its strength, which is not permissible; 
we also need a little extra thickness for trueing up, and 
therefore we must add £ inch to the thickness found 
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by computation as above, and we thus get for the thick- 
ness b 

*F + F = if say A inch. 

As soon as the thickness b has been determined we will 
have no difficulty, with the aid of the formulas given in 
the illustration, to compute the other dimensions. For 
instance, the thickness c of that part of the strap which 
has been weakened by the cotter hole must be reinforced 
by making this thickness equal to If times b, as indicated 
by the formula, and we thus get 

c = if x a sav A ^ch. 

The thickness d is equal to l£ times b, hence we have 

d = 1£ x A = U inch - 
The distance e from the end of the strap to the gib is 
twice b hence for this distance we have 

e = 2 X A = f incb - 

In a similar way we find all the other dimensions with 
the aid of the given formulas. 

13. — In this example we have a cotter and gib com- 
bined. The purpose of the gib is 
to prevent the ends of the strap 
from spreading when the cotter is 
driven in. 

With the gib we have also the 
advantage of giving a greater 
bearing surface for the .cotter to 
slide on. In order to give the 
same amount of bearing surface 
on each side of the cotter two 
gibs are used, see Fig. 10b. 

14. — Tne total width a of the Fig. 10b, 
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cotter and gib shown in Fig. 9b, or the total width a of 
the cotter and two gibs, as shown in Fig. 10b, is equal to 
that of a cotter used by itself ; that is to say, it is equal 
\\ times the width B of the strap ; but it should be re- 
membered that this width is suitable only when the thick- 
ness of the cotter is equal to £th of its width, or when the 
thickness g is equal to Jth of the width of the strap. 
These proportions agree very well with practice. The 
taper of cotters of this kind is generally f inch to \\ inch 
in 12 inches. 

For great tapers some means must be provided for pre- 
venting the cotter from slipping out of place. Sometimes 
a set-screw tapped into the side of the end 
of the connecting rod is employed ; some- 
times a screw is formed on the end of the 
gib, as shown in Fig* lib. When this screw 
is parallel to the perpendicular edge of the 
gib a slot must be cut through the end of 
the. cotter, as shown in Fig* lib, so as to 
allow some play when the distance between 
the parallel sides of the cotter and gib in- 
creases. 

When the screw is parallel to the tapered 
side of the gib, no slot at the end of the cot- 
ter will be required ; a round hole giving the 
screw sufficient play to pass through it is all 
that is needed, 
±<ig* lib. \& % — When a cotter alone is used, one 

end of the slot will have to be tapered to suit the taper 
of the cotter; but when a cotter and gib are used, the 
ends of the slot are parallel. It has been found to be 
good practice to make the ends of slots of a semicircular 
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form, and the edges of the cotter and of gib to suit these 
forms. It will save not only labor, but will also add 
strength to the connecting rod strap, because when the 
ends of the slots are of a square form we have sharp cor- 
ners, and from these a crack is liable to start and extend 
crossways of the strap and completely ruin it. 

1 6. — No regular rule can be given for determining the 
smallest width of the cotters, such as are shown in Figs. 
9b, 10b and lib ; as a guide in designing it might be said 
that this width should not be less than the thickness of 
the cotters ; frequently it is a little greater. The length 
of these cotters also depends on individual preference, 
but generally they should be sufficiently long to take up 
as much of the play between the brasses as is possible 
without being compelled to use liners between the brass 
and the butt end of the rod ; hence it will be seen that the 
length of the cotter also depends on its taper. 

17. — Cotters are generally driven in by hammering; 
but sometimes we meet with cases in which the 
limited space for the cotter prevents not only 
the use of the hammer, but also compels the 
use of a comparatively short cotter with a 
great taper. For such cases the form shown 
in Fig, 12b is well adapted. The screw at the 
end is suitable for moving the cotter and hold, 
ing it in place; otherwise, the taper when 
greater than 1 in 7 would cause it to fly out. 

1 8. — Usually there is no difference in the 
dimensions of a wrought iron or steel cotter ; 
but generally the latter material is preferred, 
because a steel cotter will withstand hammer- 
ing better than a wrought iron one. Fig. 12b. 
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19.— Fig. 18b shows three views of a knuckle joint 
connecting the rods R and & The rod It has a forked 
end, and the rod 8 has an eye forged to it. This design 
is not adapted to all kinds of valve rods, because when the 
rod 8 is to be used for a valve stem the eye at its end will 
prevent it from passing through the gland of the stuffing 
box; similar remarks apply to the rod Ji if this is to be 
used for a valve stem. In order to make this joint suitable 
for connecting a valve stem and rod it will be imperative, 
in many cases, to forge separately the eye on the rod 8, 
or the forked end separately on the rod i?, whichever is to 
to be used for a valve stem, and cotter it to the rod, as 
shown in Fig. 7 b. However, for many purposes this joint 
is an excellent one. The diameters of the rods M and 8 
are, of course, equal to each other, and these diameters D 
must first be computed. The pin p through the eye is 
subjected to a shearing stress, and if this stress alone is 
considered we can make the diameter d of this pin equal 
to ^ of the diameter D of the rod or, as indicated by the 
formula accompaning the design: d — .8D, in which d = 
diameter of the pin and D = diameters of the rods. But 
if the pin fits loosely in the eye then it will not only be 
subjected to a shearing stress, but it will also be subjected 
to a bending action, and to resist these combined stresses 
the diameter d of the pin should be equal to .92). Further- 
more, in order to obtain a larger bearing surface, the diame- 
ter of this pin is often increased to 1.2 D, so that in practice 
we find that the diameter d varies from .8b to 1.2D. The 
width A of the eye is generally equal to, or slightly great- 
er than, the diameter D; but if the motion of the eye 
around the pin is considerable, then in order to obtain a 
larger bearing surface, the width A is increased to 1\D> 
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and sometimes even greater than this. 
The pin p is prevented from turning 
by a small pin driven into one of the 
jaws as shown on the drawing; again, 
to prevent a too rapid wear, the pin p 
is often casehardened, and a case- 
hardened bushing is driven into the eyo. 
The thickness 
of the bushing 
depends on the 
diameter of the 
pin/?; for a pin 
1 inch diameter 
the thickness of 

the bushing 
may be £ inch; 
for larger pins 

this thickness 

is slightly in- 4? 

creased. It 

should also be 

noticed that the 

arc joining the 

inner surfaces 

of the jaws of 

the fork is not 

drawn from the 

same center 

from which the 

outer arcs are 

drawn, thereby 

increasing the 

thickness of 
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the jaws towards the center of the rod, and thus giving 
the jaws a greater strength to resist those forces which act 
with a greater leverage. Hence the distance b between 
these centers is equal to ^ of the width A of the eye, or 
as indicated by the formula, b = A A. 

Before making a drawing of this joint it will be best to 
compute all its dimensions, and since these computations 
are similar to those given in Articles 6 and 7, we shall 
be very brief in working out the following example. 

Example 4. — It is required to find the dimensions of 
a knuckle joint of a form as is shown in Fig* 13b ; it is 
subjected alternately to tension and compression ; the 
total load is 3,000 pounds. 

Since the joint is subjected to tension and compression 
we allow a safe working stress of 5,000 pounds per square 
inch; hence the cross-sectional area of the rod R or the 
rod S will be 

3,000 

= .6 square inch, 

5,000 

and the diameter of a circle containing .6 square inch is £ 
inch, and this, of course, will be the diameter of the rod R 
or the rod S. The following computations will become 
easier by using the equivalent decimal for the fraction £: 
it is .875. Now, to make as plain as possible the manner 
of using the symbolic expressions given in connection with 
Fig. 13b, we will write under each letter its numerical 
value, thereby showing the great simplicity of the whole 
subject. An inspection of the formula shows at once that 
the diameter JJ of the rod is the unit of measurement. 
Now, for the thickness a of the jaw we have 
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% 6 X D — a 

.6 X .875 = .5250 inch. 

The thickness A of the eye we can make 1 inch ; hence, 
the distance b between the centers of the arcs of the jaw 
will be determined by the formula 

.IX A = b 
which gives us 

.1X1 =1 inch. 

For the thickness c of the eye we have 

.5 X D = c 

.5 X .875 = ,4375 inch. 

For the diameter d of the pin p we have 

.8 X D = d 

.8 X .875 = .7000, say |f inch. 

For the distance e, from the center of the jaw to the end 
of the octagon at finish of the forked end, we have 

4 X D = e 
4 X .875 = 3.5 

For the distance /*, from the center of the jaw to the end 
of the octagonal finish of the eye, we have 

3 X D = f 
3 X .875 = 2.625 = 2£ inches. 
For the diameter g of the head of the pin we have 

1.5 X d = g 
1.5 X .7 = 1.05, say 1 inch, 
and for the thickness h of the head of the pin we have 
.25 X d = h 
.25 X 7 = .175, say T 3 ff inch. 
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Now, having determined by computations all these 
dimensions, there should be no difficulty in making the 
drawing of the joint. Commence by drawing first all the 
center lines, and around these lay off symmetrically all the 
dimensions as found above, and take care not to violate 
the rales of projection ; for instance, the center line of the 
pin in the upper view or plan and the center i of the same 
pin in the lower view or elevation must lie in one straight 
vertical line ; this will bring the end of the octagonal finish 
of the eye in the plan and elevation in one straight line; 
the same remarks apply to the finish of the forked end. 
The horizontal center lines in the end view and elevation 
must also lie in the same horizontal line ; in fact, the rules 
of projection given in our regular lessons must be ad- 
hered to. 

Double Nut Joint. 

20. — Fig. lJfh shows a double nut joint; it is designed 
for the purpose of adjusting accurately the length of a rod 
which is made in two parts; one part has a right-handed 
thread on its end and the other part has a left-handed 
thread, so that when the nut is turned in one direction it 
will increase the total length of the rod, and when turned 
in the opposite direction the total length of the rod will 
be shortened. 

The weakest part of the rod is at the bottom of the 
thread, consequently, in computing the strength of this 
rod we must find the area of this section; working out the 
following example will make the whole matter plain. 

Example 5b. — Find the dimensions of a double nut joint 
of the form shown in Fig. lift. The rod is made of 
wrought iron and is subjected to a tension and com- 
pression of 6,000 pounds. 
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Since the rod is subjected to tension and compression, 
we again adopt a safe working stress of 5,000 pounds to 
the square inch; consequently, the area of the section at 
the bottom of the thread will have 
to be 

6,000 

=1.2 square inches. 

5,000 

Now, referring to our illustrated 
table of standard threads, bolt heads 
and nuts, we find that the diameter 
outside of the thread corresponding 
to an area of 1.2 square inches at 
the bottom of the thread is l£ 
inches ; therefore the diameter D of 
the rod will be 1^ inches; and this 
diameter will be the unit of measure- 
ment for determining the dimensions 
of the nut, thus : 

The distance across the flats of 
the nut is to be 1£ times the diame- 
ter D of the rod, plus £ inch, which 
gives us 

1,5 X D + \ inch 

1.5 X 1.5 + £ inch = 2f inches. 

The length of the hexagonal part 
c of the nut is 

1.5 X D = c, 
1.5 X 1.5 = 2£ inches. 
In a similar simple way we find 
all the other dimensions of the nut Fig. lJfi. 
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by means of the formulas given on the drawing. These 
examples show the simplicity of the use of formulas. 

The half of the nut above the center line is shown in 
section, but it is not absolutely necessary to do so on a 
working drawing; we have done so here simply for the 
purpose of familiarizing the student with showing things 
in section when it is necessary to do so. 

Connecting Rods. 

21. — A link which connects a rotating crank with a 
reciprocating piece is called a connecting rod. For 
instance, the crank of a steam engine and the crosshead 
are connected with a connecting rod. A link which 
connects two rotating cranks is called a coupling rod. 
Thus, the rod which connects the crank pins of two driving 
wheels on a locomotive is a coupling rod. In American 
practice we call it a side rod. 

22. — Connecting rods are made of various forms. For 
engines running at a moderate speed a connecting rod of 
circular cross- section is generally used. In order to make 
the rod as light as possible without much reducing its 
resistance to bending, it is tapered from the center towards 
the ends, as shown in Fig. 15b, or it is tapered from the 
center to the crosshead end only, and from the center to 
the crank pin end it is parallel or cylindrical in form, as 
shown in Fig. 16b. In some cases the rods have a uniform 
taper from end to end; but the thickness of the rod re- 
mains uniform by cutting flats on it sides, as shown in 
Fig. 17b. For high speed engines, the connecting rods 
have a section of rectangular, or approximately rectangular 
form ; their width is uniformly tapered from end to end, 
the thickness remaining the same throughout. See Fig. 18b* 
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The length of a connecting rod is always measured from 
the center of the crank pin to the center of the crosshead 
pin. 

23. — When the engine starts slowly we may neglect 
the inertia forces of the connecting rod, but its actual pull 
or thrust 
must be com- 
puted and 
provided for. 
There are 
other forces 

which the connecting 

rod must resist; but 

the magnitude of these 

forces is often difficult, if 

not impossible, to compute. 

For instance, sometimes 

water will collect in the cyl- 
inder, and it will be impossi- 
ble to estimate the forces due 

to the presence of water in 

the cylinder. Again, when 

the cut-off occurs later than 

half stroke, the pull or 

thrust will at times during 

one revolution of the crank 

be greater than that on the 

piston rod, but this increase 

can be found graphicallj r by 

the following simple dia- 
gram, which will also give 

us the pressure of the cross- 
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head against the slides, which must be known before we 
can compute the dimensions of the slides or guides. 

24r. — Fig. 18^b. — Draw the horizontal line AC, and 
through any point C on this line draw a perpendicular CB 
and make its length equal to the length of the crank ; from 
B as a center and with a radius equal to the length of the 
connecting rod draw an arc cutting the horizontal line AC 
in the point A; join A and B by a straight line and thus 
complete the triangle ABC. The side AB will represent 
the pull or thrust on the connecting rod ; the side AC will 
represent the pull or thrust on the piston rod, and the side 
BC will represent the pressure of the crosshead against the 
slide. Now, the pull or push of the connecting rod will 
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Fig. 18\b. 

be as much greater than that of the piston rod as the line 
AB is longer than the line AC From this statement it 
will be seen that in order to find the numerical value of 
these stresses we need to apply only the simple rules of 
proportion. To make this whole matter plain we will 
work out the following example : 

Example 5. — Find the thrust of a connecting rod for 
an engine having a cylinder 4 inches diameter; stroke, 
6 inches; initial steam pressure, 100 pounds per square 
inch; the length of the connecting rod is to be 2% 
times the stroke. 
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According to the above conditions the length of the con- 
necting rod will be 

2£ X 6 = 15 inches. 

Draw the lines AC and CB perpendicular to each other, 
and make CB equal to the length of the crank, namely, 3 
inches ; from the point B as a center and with a radius 
equal to the length of the connecting rod, 15 inches, draw 
an arc cutting the line AC in the point A; join A and B, 
and thus complete the right-angled triangle ABC. 

By measurement it will be found that the line AC is 
14.69 inches long; this length represents the total load on 
the piston rod. For computing this total load in pounds 
we must multiply the area in square inches of the piston 
(12.56 square inches) by the steam pressure per square 
inch, namely, 100 pounds, and thus we get 

12.56 X 100 = 1,256 pounds for the total load or thrust 
on the piston rod, 

and this load is represented by the line AC, or by the 
length of 14.69 inches. 

Since the thrust on the connecting rod is as much great- 
er than that on the piston rod as the line AB is greater 
than the line AC, and since the line AC represents in this 
case 1,256 pounds we can easily find the thrust in pounds 
on the connecting rod represented by the line AB by the 
following simple statement in proportion. 

14.69 : 15 : : 1256 : x; 

this gives us 

15 X 1256 

= 1282.5 pounds. . - 

14,69 
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From this it will be seen that the difference between the 
pull on the connecting rod and that on the piston rod is 
very small; this is generally the case in all engines, and, 
therefore, this difference is usually neglected. But the 
empirical rules or formulas used for computing the dimen- 
sions of the connecting rod will allow for this small differ- 
ence, and for the forces acting on the rod, which cannot be 
estimated or accurately determined. It may therefore 
seem that the diagram in Fig. 18^b is useless in designing 
an engine, and so it is as far as the thrust on the connect- 
ing rod is concerned; but when we have to find the 
pressure of the crosshead against the slide it is very use- 
ful; thus, we have seen that the side BC of the triangle 
Fig. 18%b represents this pressure, which is as much less 
than* the pull on the piston rod as the side BC is shorter 
than the side AC ; we therefore employ the simple rule of 
proportion for finding the numerical value of this pres- 
sure ; thus remembering that the total load on the piston 
is 1256 pounds, we have 

14.69 : 3:: 1256: x; 
and this gives us 

3 X 1256 

— 256.5 pounds 

14.69 

for pressure of the crosshead against the slide. 

25. — This diagram also serves to show that the longer 
we make the connecting rod the less will be the pressure 
of the crosshead against the slide. But the length of the 
connecting rod is also affected by the limited space which 
the engine is to occupy, consequently, the length of con- 
necting rods has the following proportion : 
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For stationary engines, the length of the connecting rod 
is generally equal to from 2.5 to 3 times the length of 
stroke ; in some engines this length is exceeded and made 
as long as 3.75 times the length of th,e stroke; and occa- 
sionally we find it to be as short as twice the length of 
the stroke. In marine engines, which very often must 
occupy as small space as possible, the length of the con- 
necting rod is as short as 1.75 times the stroke. In loco- 
motive engines the length depends on the relative position 
of the driving wheels, and is often much longer than given 
above. 

26. — Another thing which the diagram Fig. 18\b 
serves to show is the direction in which the crank should 
turn. For engines which always run in one direction the 
pressure on the slides should be due to a push on. the 
connecting rod when the crank pin is above the slide, as 
shown in Fig 18\b ; under these conditions the crosshead 
will be pushed towards the slides during the whole revo- 
lution of the crank. If the crank turns in a direction 
opposite to that indicated by the arrow in Fig. 18\b the 
crosshead will be pulled away from the slide, and this will 
often involve a more expensive construction of the cross- 
head or slide. 

27. — For designing a connecting rod we generally 
use, as we have said before, empirical rules, such as will 
give proportions which will agree well with good practice 
and give the rod sufficient strength to resist all forces 
which at any time may act upon it. In order to show the 
application of these rules or formulas we take . the follow- 
ing example. 

Example 6. — It is required to compute the dimen- 
sions of a connecting rod and straps of the form 
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shewn in Fig. lJb. It is to be used for an engine 
having a cylinder 4 inches diameter; initial steam 
pressure, 121 pounds per square inch; stroke 6 inches; 
and the length of connecting rod is to be t\ times the 
stroke. 

In accordance with the conditions given in the Example, 
the length of the connecting rod will be 

2£ x 6 = 15 inches. 

Fig. 15b. — The diameter d at the neck is found by 
Rule 1. — Divide the diameter in inches of the cylinder 
by 55 and multiply the quotient by the square root of the 
initial steam pressure per square inch on the piston ; the 
result will be the diameter d. In symbols we have 

& _ 

d = — X V p 
55 

in which d = diameter at the neck, D = diameter in 
inches of the cylinder and p the initial steam pressure in 
pounds per square inch on the piston. 

Now, applying this rule, or what amounts to the same 
thing, substituting for the letters in the formula corre- 
sponding values given in the example and then performing 
the operation indicated by the signs, we have 

4 4 

d = — x V 121 = — X 11 = .8, say fj- inch. 
55 55 

For finding the diameter d 2 at the center of the rod we 
use 

Rule 2. — Divide the diameter in inches of the cylinder 
by 50 and multiply the quotient by the square root of the 
initial steam pressure on the piston ; the result will be the 
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diameter d 2 in inches at the center of the rod. Or in 
symbols 

D 

d 2 r= — X V p 

50 

In which the letters, excepting d 2 , denote the same 
quantities as given in connection with the preceding rule. 

28. — The dimensions of the rectangular ends of the 
rod will depend on the dimensions of the crank pin and 
the crosshead pin. When these dimensions are known 
we may employ the following rules. Letters refer to 
Fig. 15b. 

Rule 3. — Multiply the length of the crank pin by .7; 
the result will be the thickness of the rectangular end 
near the crank pin. In symbols we have 

I X .1 = t 

in which I = length of crank pin, t = thickness of the 
rectangular end. 

The reason for multiplying the length of the crank pin 
or crosshead pin by ,7 is to give the brasses a good sup- 
port. Some engineers use a slightly different multiplier 
to suit their individual judgment. 

For the width w of the rectangular end we have, 
Rule 4. — Add twice the thickness n of the brasses to 
the diameter of the crank pin ; the sum will be the width 
w of the rectangular end near the crank pin. In symbols, 

c + 2n = to 

in which c = diameter of the crank pin, n = thickness of 
the brasses at the side of the pin, and w = width of the 
rectangular end. 
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For finding the dimensions of the rectangular end near 
the crosshead pin we use the same rules, remembering, of 
course, that in this case the letters I and c in the formula 
denote the length and diameter of the crosshead pin. 

Let us assume that the length of the crank pin is 2£ 
inches, and its diameter is If inches; the length of the 
crosshead pin is 1£ inches and its diameter is 1 inch. 

Applying Rule 3 we have for the thickness of the rect- 
angular end near the crank pin, 

I X .7 = t 
2.125 x .7 = 1.48, say 1£ inches. 
The thickness n of the brass at the side of the crank pin, 
or that at the side of the crosshead pin in small engines, 
is usually \ inch ; hence by Rule 4 we have for the width 
w of the rectangular end near the crank pin, 
c 4- 2 X n = w 
If + 2 X i = 2± inches. 
For the thickness of the rectangular end near the cross- 
head pin we have by Rule 3, 

I X .7 = t 
1.25 X .7 = ,875 = I inch. 
For the width w of the rectangular end near the cross- 
head we have by Rule 4, 

c + 2 X n = w 
1 + 2 X i = 1% inches. 
For finding the greatest thickness k of the brasses the 
following rule is generally employed : 

Role 5. — To £ of the diameter of the pin add J inch; 
the sum will be the greatest thickness k of the brasses. 
In symbols, 

£ c + i inch = k 
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in which c = diameter of the pin and k = greatest thick- 
ness of the brass. 

In this example we have assumed that the diameter of 
the crank pin is If inches ; hence by Rule 5 we find that 
the thickness k of the crank pin brasses will be 

& X c + i inch = k 

i X 1.75 + I inch = .46875 = £| inch. 

The greatest thickness k of the crosshead pin brasses 
will be 

£ X c + i = k 
JX1+ i=| inch. 

To find the length of the rod from butt end to butt end 
we must deduct the distance m -and m 2 from the length 
of the connecting rod. The distance m from the center 
of the crank pin to the butt end is equal to ^ the diam- 
eter of the crank pin plus the greatest thickness k of the 
crank pin brass, which gives us 

1 + U = Hi inches. 
The distance m 2 from the center of the crosshead pin 
to the butt end of the rod will be 

i + t = £ inch - 
The sum of these two distances is equal to 

HI + i = 2 A inches - 

Now, subtracting this sum from the length of the con- 
necting lod, which is 15 inches, we have 

15 — 2^\ = 12|| inches 

for the length I from butt end to butt end of the rod, 

29. — F° r obtaining the dimensions of straps, cotters 
and gibs the student should employ the rules given in 
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Article 12 or use the formulas given in connection with 
Fig. 9b. In order to aid the students we will here com- 
pute the least thickness b of the strap at the crank pin 
end. All the reference letters refer now to Fig. 9b. 

In order to determine this thickness we must first know 
the total pressure on the piston, which is 

12.56 X 121 = 1519.76 pounds. 

Allowing as before 5,000 pounds to the square inch for 
the safe working stress, we require an aggregate area in 
the cross sections of both arms of the strap, 

1519.76 

= .3 inch, 

5000 

consequently, the area of the least cross-section at b 
through one arm of the strap must be 

.3 

— = .15 square inch; 
2 

dividing this area by the width of the strap, which is equal 
to the thickness of the rectangular end, and which we have 
found in the preceding article to be 1£ inches, we have 

.15 

= .1 inch; 

1.5 

adding J inch we get 

.1 4- .125 = .225, say i inch for the least thickness b of 
the strap. 

It should be noticed that these computations are precise- 
ly the same as those given in Article 12, and the same re- 
marks apply to the following computations. 
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For finding the least thickness b of the strap at the 
crosshead end, we proceed as before, thus : 

We have found that the least cross-sectional area at b 
for resisting the stress on the strap must be .15 square 
inch. 

In preceding article we have found that the thickness of 
the rectangular end of the rod near the crosshead pin must 
be £ inch; but this thickness is also the width of the 
strap; hence, dividing ,15 by £ or its equivalent decimal 
.875 we have 

,15 

= .17, say ft inch ; 

.875 

adding £ inch we get ft inch for the least thickness b of 
the strap at the crosshead end. Now, remembering that 
the thickness ft is the unit of measurement for determin- 
ing all the other dimensions of the strap at the crosshead 
end ; and that £ is the unit of measurement for determin- 
ing all the other dimensions of the strap at the crank pin 
end, there should be no difficulty in applying the formulas 
given in connection with Fig. 9b and thereby computing all 
the dimensions of the straps. 

For the purpose of • making this matter as plain as 
possible, we will briefly work out these dimensions, com- 
mencing with the strap at the crank pin end. 

Fig. 9b. — For the thickness c we have in accordance 
with the formula given in connection with Fig. 9b, 

C=lfJ 

Using decimals in place of the fractions we have 

c = 1.375 x .25 = .34375 = ft inch. 
For the thickness d at the crown of the strap 
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d = lib = 1.5 X .25 = .375 = f inch. 
For the thickness e from the gib to the end of the strap, 
e x 2b = 2 x .25 = .5 = £ inch, 
and for the distance / 

/ = l\b = 1.5 X .25 = .375 = f inch. 
For the strap at the crosshead end we have 

c = If b = 1.375 X .296 = .407000, say |f inch, 
d = l\b = 1.5 X .296 = .4440, " T \ " 
e = 2b = 2 X .296 = .592, " J| " 
/ = 1J6 = 1.5 X .296 = .4440, " T V " 
For the width a and the thickness g of the cotter and 
gib at the crosshead end we have 

a = 1±B = 1.25 X ,875 = 1.09375 = 1& inch, 
g = ±B = .25 X .875 = .21875 = & " 

The taper of the cotter in this example is f inch to the 
foot. 

These proportions of cotter and gib are suitable for 
straps whose width B is equal to. or a very little larger 
than the diameter d at the neck of the rod. But when the 
former is much wider than the diameter at the neck, as is 
shown at the crank pin end, Fig. 15^b, the above pro- 
portions are not generally adopted. Very often in cases 
of this kind, the thickness of the cotter and gib is made 
equal to J of the width of the strap ; but whatever pro- 
portions may be adopted, the cross-sectional area at a of 
the cotter and gib should at least be equal to, not less 
than, the area at b of the thinnest part of the strap. It 
should also be remembered that the thickness c = If b is 
suitable only when the thickness of the cotter is equal to J 
of the width of the strap ; when these proportions of the 
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cotter are changed the thickness c must also be changed ; 
in all cases the cross-sectional area of the strap through its 
slotted part should not be less than the cross-sectional 
area through the thinnest part of the strap. 

Many engineers design the straps for connecting rods in 
large engines for a pull of § of that on the connecting rod 
on each arm of the strap, and then add ^ to T ^ inch for 
trueing up instead of £ inch as we have done in the pre- 
ceding example. It may also be stated here that for com- 
puting the dimensions of the strap in the foregoing 
example, we have taken the pull on the piston rod in- 
stead of that on the connecting rod, but this will change 
the results to an inappreciable extent, for we have seen in 
Article 24 that the difference of the stresses in the piston 
rod and the connecting rod is so small that it may be 
neglected. 

The whole result of our computations is shown in Fig. 
15\b) which shows a drawing of a connecting rod agreeing 
with the conditions given in Example 6. 

30. — Fig, 16b shows a connecting rod slightly different 
in form to the preceding one; it is tapered from d near 
the crosshead to d 2 at the center, and from the center d 2 
to the crank pin end it is of uniform diameter. It is also 
designed for a strap at each end. For computing the 
dimensions of this rod we use the same rules as were used 
for computing the dimensions of the rod shown in Fig, 
15b. 

31. — Fig. 17b shows a connecting rod with a forked 
end for receiving the crosshead pin, which is fixed in the 
eyes of the fork by shrinking the latter on the crosshead 
pin, or fastening it by some other means, and thereby pre- 
venting the pin from turning in the eyes; the small 
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angular movement takes place in the brasses at the end of 
the piston rod or in the crosshead, as the case may be. 

The rod has a uniform taper from d to c, but its thick- 
ness from d to e remains the same throughout; this is 
accomplished by cutting flats on its sides as shown. 

The diameter d is found by Eule 1, Article 27, which, 
as we have seen, is expressed in symbols by the formula, 

D _ 

d = — x V p 
55 

in which d = diameter of the rod at the neck ; D = di- 
ameter in inches of the cylinder, and p = initial steam 
pressure per square inch of piston. The diameter c is 
equal to 1£ times the diameter d. 

These rules are so simple, and have been so fully ex- 
plained in Article 27, that they require no further explan- 
ation. 

It should be noticed that the crank pin end of this rod 
is designed for a strap. . The hole a through the rectan- 
gular end is for the purpose of reducing the weight of the 
rod. 

32. — Fig. 18b illustrates a connecting rod whose body 
is of a rectangular form. It is generally used in high 
speed engines. Its width has a uniform taper from b to /*, 
but its thickness t is the same throughout. The area of 
the rectangular cross-section at t b of these rods should 
be equal to the area of the circular cross-section whose di- 
ameter is d in Fig. 17 b ; hence for computing the length 
of the sides b and t of the rectangular cross-section we 
assume that this rod has a circular cross-section at b and 
then compute the corresponding diameter d by the rule or 
formula, 
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D _ 

d = — X V p 
55 

as given in Article 27. When this diameter has been 
found we compute the corresponding area, and from this 
we calculate the length of the sides b and t of the rect- 
angular section by the following rule : 

Eule 6. — Divide the area by the number which indi- 
cates the number of times the width b has to be greater 
than the thickness t 9 and extract the square root of the 
quotient ; the result will be the thickness of the rod. In 
symbols we have 



~\rS~ 



in which t = thickness of the rod, a = area of the cross- 
section at the neck, and n = the number by which the 
thickness of t must be multiplied for obtaining the width b. 
Example 7. — Compute the dimensions at b and t 
of the rectangular section of a connecting rod suitable 
for an engine with a cylinder 4 inches diameter, in- 
itial steam pressure 121 pounds per square inch of 
piston. 

Here we first assume that the cross-section at b is cir- 
cular in form and then compute the corresponding diam- 
eter d by the formula 

D _ 

d = — X |/» 
55 

which gives us 

4 4 

d = — X V 121 = — X 11 = .8, say |f inch; 
55 55 
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the area of a circle of this diameter is .518487 square 
inch. 

The formula given with Fig. 18b shows that the width 
b is to be 1,5 times the thickness t; hence applying Rule 
6, we get 

.518487 

= .3456 

1.5 

Extracting the square root from this quotient we get 



V~M56 = .58, say & inch 
for the thickness L 

The formula accompanying the illustration informs us 
that the width b should be 1.5 times the thickness t; 
hence the width b will be 

b = 1.5 X .5625 = .84375 = || inch. 

The width f near the crank pin end is to be 2.5 times 
the thickness t; hence for the width/ we have 

/ = 2.25 X .5625 = 1.265625 = 1$£ inches. 

The ends of this rod are designed for straps, and the 
dimensions of these are easily found by the rules given 
and explained in Article 29. 

The hole a is for the purpose of reducing the weight of 
the rod. 

33. — I n regard to the forked end it should be said 
that the thickness s t, Fig* 19b, should be greater than at 
c, because the forces which the eyes have to resist will act 
with a leverage and increase the stresses near the section 
s t, and therefore the center from which the arcs s and u 
are drawn should be below the center from which the arc 
r t is drawn, these centers should not coincide. The 
distance b between these centers should be .14 times A : 
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the distance A is that between the inner sides of the eyes 
as indicated on the drawing. 

34. — K should also be noticed that in cases of this 
kind, where the pin is fastened in the eyes, the latter will 
be prevented from spreading and help to stiffen the forked 
end. But these conditions are changed in the forked end 
shown in Fig 20b ; this forked end has no eyes ; the arms 
of the fork support brasses in which the Jrin moves, and 
therefore it will have no tendency to prevent the arms of 
the fork from spreading;- consequently, the section at & x t v 
Fig. 20b, must be made greater than at s t in Fig, 19b; 
this is accomplished by increasing the distance b between 
the centers from which are drawn the arcs joining the 
branches of the fork to the rod, and in cases of this kind 
the distance b should be equal to .24^4. 

35. — The crank pin end of the rod in Fig. 19b has no 
strap, in place of which a cap is used, holding the brasses 
to the T end of the rod. With this construction the labor 
of finishing the rod and cap is simplified. The cap and 
rod are forged in one piece; the whole is turned and 
finished and the end bored out for the brasses, after which 
the cap is cut off, making the cut sufficiently wide for re- 
ceiving the distance pieces o o ; these are allowed to pro- 
ject beyond the inner surface of the iron, and thus prevent 
the brasses from turning in the rod. 

36. — The form of the nuts x x on the cap bolts is such 
as to prevent them from turning by means of the set- 
screws v v. The proportions of these nuts are given in 
Fig. 862, in " Meyer's Mechanical Drawing." 

The dimensions of this rod are found by the rules or 
formulas given on the drawing, and are applied as shown 
in the following example : 
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Example 8. — Find the dimensions of a connecting 
rod of the form illustrated in Fig. 19b. It is to be 
suitable for an engine having cylinder 4 inches diame- 
ter, initial steam pressure 121 pounds per square inch 
of piston. 

The diameter d near the forked end is found by the rule 
or formula 

D _ 

d = — X Vp 
55 

in which d = diameter of the neck near the forked end ; 
D = diameter in inches of the cylinder, and p = initial 
steam pressure per square inch of piston. The same 
formula was used before and explained in Article 27. 

Substituting for the letters their respective values as 
given in the example, we have 

4 

d = — x V 121 = |f inch. 
55 

For finding the diameter d 2 of the rod near the crank 
pin end we have a rule similar to the foregoing. 

Kule 7. — Divide the diameter in inches of the cylinder 
by 45, and multiply the quotient by the square root of the 
initial steam pressure per square inch of the piston. In 
symbols 

D _ 

d 2 = — X V p 
45 

in which the letters denote the same quantities as given in 
the preceding formula ; this gives us 

4 

d 2 = — X V 121 = .9777, say U inch. 
45 
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The thickness c of the arm of the fork is to be .45 times 
the diameter d of the rod ; hence we have 

c = A5d = .45 X .8125 = .365625, say ff inch. 

The thickness e of the eye is to be .6 times the diameter 
d of the rod ; hence 

e = .6d = .6 X .8125 = .4875 = §£ inch. 
The width/* of the eye is to be ^ of the diameter d; 
hence 

/ = .5d = .5 X .8125 = .40625 = £f inch. 

The width g of the arms of the fork should be 1. 2 times 
the diameter d; hence 

g = 1.2d = 1.2 X .8125 = .975 = jj inch. 

37. — The cap at the crank pin end may be considered 
to be a beam uniformly loaded and supported at the 
centers of the bolts. If caps are used at the crosshead 
end, as shown in Fig. 20b, they will generally have oil 
holes; in such cases the diameter of the oil hole must be 
deducted from the width of the cap before the compu- 
tation for the thickness at the center of the cap is made. 
Generally we can find the depth i of the cap, Fig. 19b, by 
the following rule : 

To find the depth i of the cap at the crank pin end 
of a connecting rod. 

Rule 8. — Divide the diameter C of the crank pin by 
the width B of the cap and extract the square root of the 
quotient; multiply this quotient by 1.1 and the diameter 
of the cap bolts; the result will be the depth i at the 
center of the cap. In symbols 

i = 1.1 x h X A— 
>f B 
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in which i = depth of the cap at its center C = diame- 
ter of the crank pin, and B = width of cap, h = diameter 
of the cap bolts, 

For the caps at the crosshead end of a connecting rod, 
as shown in Fig 20b, we use the same rule, remembering 
that in this case the letter C in the above formula denotes 
the diameter of the crosshead pin and B the width of the 
cap, minus the diameter of the oil hole through the cap at 
the crosshead end. 

Example 9. — Find the thickness i at the center of 
the cap on the crank pin end of a connecting rod of 
the form shown in Fig. 19b; the width of the cap is 
1 1/2 inches, and the diameter of the crank pin 1 3/4 
inches, diameter of bolts 5/8 inch. 

Substituting for the letters in the above formula the 
respective values given in the example we have 

i = 1.1 X .625 X J-^- = '7423, say £ inch. 

3 8. — The bolts holding the cap to the end of the connect- 
ing rod should be made of mild steel and the nuts for these 
bolts should be made of wrought iron. Steel nuts on steel 
bolts are liable to seize and thereby subject one or the 
other to injury. 

39. — It should also be remembered that bolts of com- 
paratively small diameter are more liable to injury than 
larger ones in screwing up the nut. There may also exist 
an inequality of tension on the bolts due to screwing up. 
In order to allow for these undue stresses we must either 
choose a larger factor of safety or assume that the bolt is 
subjected to a greater pull than it actually is. The latter 
course is often adopted. We shall adopt the same course. 
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Since there are two bolts at the crank pin end of the rod 
which must resist the same amount of pull as there is on 
the connecting rod, each bolt must resist one-half the 
amount of the pull on the connecting rod ; but for safety 
we shall assume that the pull on each bolt is two-thirds of 
that on the connecting rod, and find the diameter of the 
bolt which can resist this pull. Although the pull on the 
connecting rod is greater than that on the piston rod or 
of the total load on the piston, we should remember that 
this increase of pull on the connecting rod is so small that 
it can be neglected. Therefore in the following computa- 
tions we shall assume that the pull on the connecting rod 
is equal to the total load on the piston. This will be made 
plainer by working out the following example. 

Example 10. — Find the diameter of the bolts for 
securing the cap at the crank pin end of a connecting 
rod, suitable for an engine having a cylinder 4 inches 
in diameter, initial steam pressure 121 pounds per 
square inch of piston. The form of the connecting rod 
is to be like that shown in Fig. 19b. 

The area of a piston 4 inches in diameter is 12.56 square 
inches ; consequently the total load on the piston will be 

12.56 X 121 = 1519.76 pounds; 
two-thirds of this is equal to 

I X 1519.76 = 1013.17 pounds, 
and this amount of pull each bolt must resist. The allow- 
able working stress per square inch is 5.000 pounds; 
hence the area of the section at the bottom of the thread 
must be 

1013.17 

= .2026 square inch. 

5000 
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Now, looking for this area at the bottom of the thread 
in a table of standard threads and bolts (an illustrated 
table of this kind will be found in Meyer's book on 
Mechanical Drawing), we find that two bolts $ inch di- 
ameter will be required for holding the cap to the crank 
pin end of the connecting rod. 

40. — Those portions of the body of the bolt which are 
not required for steadying the brasses, or distance pieces 
and cap for comparatively large connecting rods, are re- 
duced in diameter and made equal to that at the bottom 
of the threads, as shown at the connecting rod end in 
Fig. 20b. 

41. — Fig. 20b shows another connecting rod of the 
marine type, which is a more expensive one than the rod 
shown in Fig. 19b on account of the increase of the 
weight of metal in the brasses, particularly for large en- 
gines ; these are also more expensive to renew when worn. 
The brasses are made in duplicate halves and are secured 
to the T end of the rod with two bolts and a cap, as 
shown. 

The crosshead end of this rod is forked with a set of 
brasses similar in design to those at the crank pin, secured 
to each arm. In these brasses the journals of the cross- 
head pin have their small angular movement, and on 
account of this small angular movement the brasses 
should not be babbitted, for it has been observed that in 
such cases the babbitt metal is liable to cut and wear the 
journals oval. On the other hand, when a pin or shaft 
makes complete revolutions in its bearing the brasses 
should be babbitted as shown at the crank pin end; but 
there are some exceptions to this rule. For instance, 
when the journal is exposed to a great amount of dust. 
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like those of the driving axle of a locomotive, it is best not 
to babbitt the bearings. 

42 — At the crosshead end of this rod we have four bolts 
to resist the load on the piston, and therefore, theoretical- 
ly, the bolts will be large enough when each can resist one- 
fourth of this load, but practically, particularly when .small 
bolts are to be used, each bolt should be capable of resist- 
ing one-third of the load on the piston, For instance, let 
it be required to find the diameter of the bolts passing 
through the crosshead end of a connecting rod for an 
engine with a 4-inch cylinder, the initial steam pressure 
being 121 pounds per square inch of piston. In Article 39 
we have found that the total load on this piston is 1519.76 
pounds; one-third of this load is 506.59 pounds, and this 
is the pull which each bolt at the crosshead end must 
resist. Allowing 5,000 pounds per square inch for a safe 
working stress, we require 

506.59 

= .101 square inch 

5000 

for the area of the section at the bottom of the thread. 
Now, referring to a table of standard screw threads and 
bolts we find that the diameter of these bolts should be £ 
inch. On general principles we do not like to use bolts so 
small for any important work, and would therefore prefer 
to make these bolts T 9 ff inch in diameter. 

43. — For determining the other dimensions of this 
connecting rod we use the formulas given with the illus- 
tration ; these are practically the same as given in con- 
nection with Fig. 19b, and have been so thoroughly 
discussed in Article 36 that it will be unnecessary to repeat 
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here the whole operation for finding the dimensions of this 
rod. 

Piston Rods. 

44. — Piston rods may be made of steel or hammered 
wrought iron, and sometimes they are made of cold 
rolled iron ; when made of the latter material they need 
no turning, and we have known these to give very good 
results. 

In the direct acting type of engine, such as is shown in 
Figs. 29b and 30b, the connecting rod is placed between 
the crank shaft and the cylinder, and therefore one piston 
rod only is needed for the piston. The diameter of a 
wrought iron piston rod may be found by the following 
rule. 

Kule 9. — Divide the diameter in inches of the cylinder 
by 60 and multiply the quotient by the square root of the 
initial steam pressure in pounds per square inch of the 
piston ; the result will be the diameter of the piston rod. 
In symbols we have 

*> _ 

d = — X V p 
60 

in which d = diameter of the piston rod, D the diameter 
in inches of the cylinder, and p the initial steam pressure 
in pounds per square inch of piston. 

The diameter of a steel piston rod is found by the same 
rule, with this exception : Divide the diameter D of the 
cylinder by 69 instead of 60, and this will give us the fol- 
lowing symbolic expressiou : 

D 

d = — X tfp 
69 
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in which the letters denote the same quantities as in the 
preceding formula. 

Piston rods are fastened to the piston in various ways. 
If the end of the rod is screwed into the piston, as shown 
in Fig. 22b then the diameter at the bottom of the thread 
of a wrought iron rod is found by 

Role 10. — Divide the diameter in inches of the cylinder 
by 80 and multiply the quotient by the square root of the 
initial steam* pressure in pounds per square inch of the 
piston ; the result will be the diameter at the bottom of 
the thread. In symbols 

D __ 

d 2 =+- X V p 
80 
in which the letters denote the same quantities as before. 

For the diameter at the bottom of the thread of a steel 
piston rod use the same rule with this exception : Divide 
the diameter of the cylinder by 89 instead of 80. In 
symbols we have 

D _ 

d 2 =— X Vp 
89 

Example 11. — Find the diameter of a wrought iron 
piston rod, and also its diameter at the bottom of the 
thread; the diameter of the cylinder is 4 inches and the 
initial steam pressure 121 pounds per square inch of 
piston. 

According to Kule 9, we have 

4 

— x V 121 = .066 X 11 = ^26, say §£ inch, 
60 

At the bottom of the thread the diameter will be 
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4 

— X V 121 = .05 X 11 = .55, say T \ inch. 
80 

If the rod is to be made of steel, then its diameter 
would have to be 
4 

— x V. 121 = .058 x 11 = .638, say |i inch, 
69 

and at the bottom of the thread it will have to be 

4 

— X \/ 121 = .045 X 11 = .495 = say \ inch. 
89 
If the piston rod is to be of cold rolled iron, then its di- 
ameter may be equal to that of a steel one. 

45. — I n the return connecting rod type of engines, in 
which the crank shaft is placed between the crosshead and 
the cylinder, two piston rods for a piston are necessary, as 
shown in Fig. 23b. If the rods are of wrought iron, we 
find the diameter d by Rule 10 which, as we have seen, is 
expressed in symbols bv 

D 

d — — X V p 
80 

For computing the diameter at the bottom of the thread 
of this rod the same rule is used, with this exception: 
Divide the diameter of the cylinder by 100 instead of 80; 
or in symbols jy 

d 2 = X V~p~ 

100 

Example 12. — Find the diameter of a wrought iron 
piston rod, two rods being used for the piston; the 
diameter of the cylinder is 4 inches, and the initial 
steam pressure 121 per pounds per square inch. 
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D __ 4 

d = — x v/^ = — X V 121 = .05 X 11 = .55 = say 

80 80 A inch. 

At the bottom of thread the diameter will be 

D _ 4 

d 2 = X Vp = X V 121 = .04 X 11 = .44. 

100 100 

say T \ inch. 

For small engines the piston rod is generally screwed 
into the piston, as shown in Fig. 22b, because when the 
diameter d of the rod and the diame- 
ter of the threaded part has been 
established by the foregoing rules it 
will be found that the difference of 
these diameters is so small as to pre- 
vent a taper sufficiently large for draw- 
ing the rod out of the piston without 
much difficulty. Of course the end of 
the rod could be made of equal diame- 
ter throughout ; but since the rod must 
have a good tight fit into the piston it 
becomes very laborious work to take 
the rod out when this becomes neces- 
sary. It is for " this reason that a 
tapered end is adopted, and for an 
easy withdrawal of the rod a taper, 
that is, a variation in the diameter of 
f inch per foot, at least, should be 
chosen ; and if such a taper cannot be 
used throughout the whole depth of 
the hub of the piston it should extend 
as far as the minimum diameter of the Fig. 21\b. 
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end will allow, and the remainder should be made cylindri- 
cal, or parallel, as it is technically called. In cases of this 
kind the taper is often much greater than given above, so 
that the end of the piston rod will have the appearance 
shown in fflg. 21$. 

Even with a larger taper difficulty will, in time, be en- 
countered in removing the rod unless there is a shoulder 
of ^ inch left on the rod for small engines, or £ for larger 
engines. The shoulder will also prevent a wedging action 
tending to split the piston ; it also allows the rod to be re- 
turned without incroaching on the taper, when this be- 
comes necessary after a long wear. 

When a piston is cottered to the piston rod, as shown 
in Fig. 25b, then the area of the weakest section at b 
should not be less than £ the area of the section at d of 
the rod. 

The dimensions of this cotter can be found by the 
formulas given with Fig. 6b. 

46. — The diameters of the piston rods as found above 
are suitable only when the length of the rods does not ex- 
ceed 20 times its diameter. For rods whose length is 30 
times the diameter use the following formula. 

D 

d = — X V p 
48 
instead of the one given in connection with Rule 9. 

47. — For a medium stroke oscillating engine we may 
use the formula jy 

d = — X V ~p 
45 
The letters in both of these formulas denote the same 
quantities as given in Article 44, 
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There is not much danger of the nuts working loose at the 
end of the piston rod; but it will be better for the sake of 
safety to put a pin through. the end as shown. It may also 
be stated that the use of the nut at the end of the threaded 
part of the piston rod is optional; in some engines it is 
not used, as will, be seen by referring to Fig. 80b. 

Pistons. 

48. — One of the important requirements of a piston is 
that it shall be steam tight during its motion from end to 
end of the cylinder, and work with as little friction as 
possible. Another requirement is that it must be strong 
enough, with the minimum amount of metal, to resist the 
pressure which may act upon it, due allowance being made 
for the shocks to which 
a piston is sometimes ^dum.<froa 
subjected. On these re- ctt bottom of 
quirements, and on some 
minor considerations, 
the form of the piston 
depends. 

Fig. 22b shows a 
dished piston with single 
plate. With this type 
not only is the weight re- 
duced, but it also has the advantage of allowing the stuff- 
ing box of the piston to extend further into the cylinder, 
and enables us to reduce the length of the piston rod. 

The dimensions of this piston may be found in the fol- 
lowing manner. First find the thickness t of the plate 
near the hub by 

Rule 11. — Divide the diameter of the cylinder in inches 



ikrecuL 



D=dbtajiv* 
ofcyl* in* 




Fig. 21b, 



=firessure 

OTVfUstOTL , 
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by 150 and multiply the quotient by the square root of 
the initial steam pressure in pounds per square inch of 
piston; the result will be the thickness t near the hub of 
the piston. In symbols 

D _ 

t = x V p 



Cast iron,fiz*km\ 




150 



in which t = thickness 

of metal near the hub, 

\=/S?j/2l & = diameter in 

b-*B6^ inches of the cylinder, 

f=*95i P ~ initial steam 

' A^2ttb3t pressure in pounds 

Fig. 22b. p er square inch. 

Example 13. — Find the thickness t of the plate of the 

piston near its hub for a cylinder 4 inches diameter, 

initial steam pressure 121 pounds per square inch. 

Substituting for the letters in the formula their respect- 
ive value given in the example we have 

4 

X V 121 = ,0266 X 11 = .2926 = say || inch. 

150 
The thickness b of the plate near its circumference is 
86 times the thickness t, or 

b = .86 X t = .86 X .2968 = .255, say J inch. 
The width c of the flange at the bottom of the packing 
ring is equal to the thickness t ; hence it is J| inch. 

The thickness/* of the metal in the hub at the end of the 
rod may be .95 times the thickness t\ hence 

/ = ,95 X t = .95 X .2968 = .28196, say -fa inch. 
The depth h of the hub may be from 2 to 3 times the 
thickness of t. 
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In designing a piston care should be taken not to have 
too great a difference in the thickness of its metal, be- 
cause, if this difference is too great a variation in the con- 
traction of the metal may take place and set up stresses in 
the piston which may ruin its usefulness. 

49. — Fig* %V> shows an outside view of the piston with 
the joint of the packing ring in plain view. 

Fig. 2 6b illustrates 
the method of making 
the joint of the packing 
ring. A solid ring is 
turned £ inch larger in 
diameter than that of the 
cylinder ; -notches a and b 
are then cut on each side 
of the ring, each extend- 
J*%g. 28b. - n g exac tly through one- 

half the width of the ring, and slightly over three times as 
long as the original diameter of the ring is greater than 
the diameter of the cylinder ; the ends of the notches must 
meet each other so as to cut the ring apart. The ends are 
then pressed together as shown in Fig. 2^b, and a pin 
driven through them so as to hold 
them in this position while the 
ring is being turned to the diame- 
ter of the cylinder; the pin is 
then removed and the piston 
with packing ring placed in the 
cylinder; the inherent elasticity 
of the ring will press it against 
the walls of the cylinder and keep the piston steam tight. 
The width of the packing ring may be equal to about 




Fig. 2Jfi. 
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one-half of the diameter of the piston rod, and the thick- 
ness of the ring may be equal to about one-half its width. 
However, these proportions of the packing ring depend 
much on the individual preference of the designer; some 

engineers make the width 
of the ring greater than 
we have given and make 
its cross-section square. 
When the thickness of the 
ring is changed the di- 
mension of c must also be 
changed. 

Sometimes the single 
plate pistons are coned, as 
shown in Fig. 21b. In 
this type the slope of the 
outer surface should be 
about 1 in 3. When this 
piston is made of cast 
iron, the thickness of the 
metal may be determined 
by the same formulas 
given with Fig. 22b ; if 
it is to be made of steel 




then use the formulas given with Fig. 

50. — I n e »ch of the pistons previously illustrated only 
one cast iron packing ring is used, and no provisions are 
made for an easy and safe way of placing the ring into 
position or for taking it out. The only way for placing 
a ring of this kind in the grooves of the piston is to force 
the ends apart where it has been cut so that it can be 
passed over the body of the piston, but in doing so there 
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is a liability of breaking the ring, particularly when its di- 
ameter is small 

Fig. 25b shows a piston with two cast iron packing 
rings and with provisions for an easy and safe way of put- 
ting them into position and removing them. This piston 
consists of a body c, frequently called a spider, a cast iron 
follower plate e secured to the body by the follower bolts 
g, the cast iron T ring f, and the cast iron packing 
rings a a. 

The T ring is solid (not cut;. Before the follower plate 
is put on, it is slipped over the arms of the body which 
hold it in position, and when the follower plate is put on, 
two grooves on the circumference of 
the piston will be formed for the re- 
ception of the packing rings, the 
lower one being put on before the T 
ring is slipped over the body; after 
the T ring has been placed in position 
the upper ring is put in and the whole 
secured by the follower plate. Of 
course in fitting up the piston care 
must be taken not to clamp fast the 
packing rings ; they must have a steam 
tight fit and be free to move to adjust 
themselves to the walls of the cylinder. In a similar easy 
and safe way the packing rings can be removed. 

If the follower bolts are screwed directly into the cast 
iron of which the body is made there will be a liability of 
rust causing considerable trouble in removing them ; to ob- 
viate this, gun metal or brass plugs are first screwed 
tightly into the body, and these are tapped for receiving 
the follower bolts. 
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51. — Fig. 27b shows a cast iron hollow piston 
strengthened by internal radial ribs. The dimensions of 
this piston have been taken from one in successful service 
and gives us a good opportunity of comparing a few of 
these dimensions with those obtained from the following 
rules. 

52. — The diameter of the follower bolts may be found 
by the following rule. 




Fig. 27b, 

Rule 12. — Divide the diameter of the cylinder by 400 
and multiply the quotient by the square root of the initial 
steam pressure in pounds per square inch of piston and 
add £ inch to the product ; the result will be the diameter 
of the follower bolts. In symbols, 
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D _ 

d = X V p + i inch, 

400 
in which d = diameter of the follower bolt, D = the 
diameter in inches of the cylinder andjo = the initial steam 
pressure in pounds per square inch. 

Example 14. — Find the dimensions of follower bolts 
for a piston 6o inches diameter, initial steam pressure 
49 pounds per square inch. 

Substituting for the letters in the formula their re- 
spective values given in the example, we have 

60 

d = X V 49 + i inch = .15 X 7 + ± inch = 

400 . < . , 

say l t % inch. 

Example 15. — Find the diameter of the follower bolts 
for a piston 6o inches diameter initial steam pressure 
I2i pounds per square inch. 

60 

d = X V 121 + i inch = .15 X 11 + ± inch = 

400 , 7 • u 

say l£ inch. 

Example 16. — Find the diameter of the follower bolts 
for a piston 18 inches diameter, initial steam pressure 
121 pounds per square inch. 

18 „ 

d = x V 121 + i inch = .045 X 11 + ± inch 

400 a . / 

= } inch. 

The pitch, that is the distance from center to center of 
the follower bolts, may be from 7 to 10 times their diam- 
eter. 
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In Fig. 27b the follower bolts are not screwed into the 
metal of the body of the piston ; they have gun metal nuts 
placed in the recesses in the piston. 

Three or four holes in the follower through which the 
bolts pass should be tapped so that eye bolts can be 
screwed into them for the purpose of hf ting the follower 
off the body of the piston. 

The number of ribs in this piston may be found by the 
following rule : 

Rule 13. — Divide the diameter in inches of the piston 
by 10 and add 2 ; the result will be the number of ribs in 
the piston. In symbols 

D 

n — — + 2 

10 

in which n = number of ribs and D — diameter in inches 

of the piston. 

Example 17. — What will be the number of ribs in a 
piston 6o inches diameter ? 

60 

n = h 2 = 8 ribs, 

10 
The thickness of the ribs may be found by the following 
rule: 

Rule 14. — Divide the diameter in inches of the piston 
by 300 and multiply the quotient by the square root of 
the initial steam pressure in pounds per square inch ; the 
result will be the thickness of the ribs. In symbols 

D __ 

t = x V p 

300 
in which t = thickness of tdie ribs, D = diameter in 
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inches of the piston, and p = the initial steam pressure 
per square inch. 

Example 18. — What will be the thickness of the ribs 
in a piston 60 inches diameter, initial steam pressure 
49 pounds per square inch ? 

60 

t = X V~49~= .2X7 = 1,4 = say 1££ inch. 

300 
The holes b b in the upper side of the piston provide 
means for taking the core out of the piston, and when this 
has been done they are tapped and cast iron plugs 
screwed in. 

53. — The depth of the piston at the center can be 
found by the following rule : 

Rule 15. — Divide the diameter in inches of the piston 
by 36 and multiply the quotient by the square root of the 
initial steam pressure in pounds per square inch ; add 1^ 
inches to the product ; the result will be the depth of the 
piston at the center. In symbols 
D _ 

— X V p -h 1£ inches, 
36 

in which D — diameter of the piston and p = initial steam 
pressure in pounds per square inch. 

Example 19, — Find the depth at the center of a pis- 
ton 60 inches diameter, initial steam pressure 49 
pounds per square inch. 

Substituting for the letters in the formula their respect- 
ive values given in the example, we have 

60 

— x V^O H- 1£ inches = 1.666 X 7 + 1£ inches = say 

13^ inches. 
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The breadth C of the ring face, Fig. 27 b, may be .1 to 
.15 times the diameter of the cylinder. In symbols 

O = .1 X B to .15 x B 
in which C = breadth of ring face, and B = diameter of 
the cylinder. 

Cast iron is well adapted for hollow pistons such as 
shown in Fig. 27b. In these the requisite stiffness can 
always be secured by giving the proper depth to the piston 
and stiffening its faces by radial ribs, but such a construc- 
tion makes a piston heavier than is desirable; for this 
reason a form of piston shown in Fig. 28b is at present 
very often used. 

54. — Fig. ®8b shows a steel piston made of a single 
thickness of metal and dished to a conical form so as to 
secure the necessary rigidity without any ribs. A piston 



Cast steel ftlston, 







Fig. 28b. 

of this kind is much lighter than the one shown in Fig. 
27b. The proportions of this piston are indicated by the 
formulas accompanying the drawing. These formulas are 
handled in precisely the same manner as explained in the 
preceding Articles, and it will be unnecessary to take up 
space here for explaining them. 
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When these pistons are to be made of exceptionally 
good metal which has been melted at least twice, the 
thickness of metal can be a little less than obtained by the 
formulas; but if a poorer quality of metal is used, these 
thicknesses should be a little greater than obtained by the 
computations. 

The construction for the packing rings is the same in 
both pistons, shown in Fig. 27b and Fig. 28b. Two cast 
iron packing rings are used in each piston with a single 
cast iron ring placed inside of the packing rings. All 
these rings are cut, so that they can adjust themselves to 
the cylinder walls. 

In order to avoid leakage the cut of the inner ring 
should not be placed directly behind the cut of either 
packing ring. The springs for pressing the rings against 
the cylinder walls are placed in the space behind the inner 
ring. These springs may be half elliptical, or of the Z 
form. Some builders use spiral springs placed in pockets 
cast in the body of the piston. 

The inner ring has a tendency to equalize the pressure 
of the springs and cause the packing rings to act with a 
comparatively uniform pressure against the walls of the 
cylinder. 

For upright engines the springs are placed all around 
the body of the pistons. For horizontal engines, the 
springs at the bottom of the piston are replaced by solid 
blocks which support the weight of the piston. 

55. — Figs. 29b and 82b show elevations and Fig. 
SOb shows a vertical section of a small stationary engine 
with cylinder 4 inches diameter and 6 inches stroke, de- 
signed for a steam pressure of 121 pounds per square inch. 
In this design all the working parts are easily accessible 
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for oiling ; they are in plain sight, so that anything wrong 
in the action of the different parts can be readily detected. 
In making a drawing of this engine the eccentric must 
be shown in its correct position, and since this is generally 
an exceedingly interesting subject to the mechanic, involv- 
ing very important principles, useful to know in setting the 
eccentric on the crank shaft, we will here consider the 
construction of the simple valve gear. 

Slide Valve. 

56. — The function of the slide valve is to govern the 
proper distribution of the steam in the cylinder, and on 
this the form of the slide valve and the setting of the ec- 
centric depends. We shall first consider the form of the 
slide valve. 

5 7. — Fig. SJfb shows a section of the slide valve, of 
the steam passage S /S v and the exhaust passage E. The 
surface ab on which the valve slides is called the " valve 
face." The openings in the valve seat in which the steam 
passages terminate are called the " steam ports," and the 
opening in the valve seat in which the exhaust passage 
terminates is called the "exhaust port." A steam chest 
surrounds the slide valve; but in these detail diagrams 
the steam chest is only partially shown. The valve seat 
should always be raised a little above the surrounding 
metal and the ends of the valve should travel a little be- 
yond the valve seat. 

The partitions d d (Fig* SJfb) which separate the steam 
passages and the exhaust passage are called "bridges." 
The steam passages have a double duty to perform: 
First, they must conduct the steam from the steam chest 
to the cylinder in which the steam performs its work, and 
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after the work has been done 
the steam passages must con- 
duct the steam from the cylin- 
der to the exhaust cavity in 
the slide valve, from whence 
it flows through the exhaust 
passage into the air, provid- 
ing it is a non-condensing 
engine. 

5 8. — For the admission of 
steam we do not require so 
great a steam port as is need- 
ed for the release of steam. 
Hence, if the steam ports are 
large enough for the exhaust 
there will be ample provisions 
for the admission of steam. 
In high speed engines, for in- 
stance, locomotives, there is 
seldom any trouble in getting 
the steam into the cylinder, 
but sometimes a difficulty 
arises in getting the steam 
out of the cylinder rapidly 
enough. Consequently, in 
some engines the valve does 
not open the steam ports to 
their full width for the ad- 
mission of steam, and thus 
reduce the travel of the valve. 
The friction between the valve 
and its seat is considerable 
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and by reducing the travel of the valve, power is saved. 

59. — Fig. 33b shows the slide valve midway of its 
travel, or in its central position, and in this position it 
covers the steam ports, no more and no less. A valve of 
this kind is said to have no steam lap nor inside lap. It 
should also be noticed that when this valve is in its central 
position no steam can enter or leave the cylinder; but if 
the valve is moved in the slightest degree in either direc- 
tion, say in the direction of the arrow A, then steam will 
be admitted to the left hand end L of the cylinder, and at 
the same time the exhaust of the steam from the right 
hand end R of the cylinder will commence. It may also 
be said that with this valve steam will be admitted to the 
cylinder during the whole length of the stroke. 

60. — Fig. 3Jfb shows a section of a slide valve with its 
flanges /^ overlapping the steam ports when it stands in 
its central position. The amount I which each flange of 
the valve overlaps the steam port is called " outside lap," 
"steam lap," or simply "lap." Here we would caution the 
student not to fall into an error and apply the term lap to 
the total amount of over- 
lap at both ends of the 
valve; the lap is always 
measured at one end of 
the valve when it stands 
in its central position. If l &' * ' 

the amount I which the valve overlaps the steam port S 
measures £ inch, then the valve has £ inch lap. The effect 
of lap is that the admission of steam will cease before the 
piston reaches the end of its stroke, or we may say that 
the steam is cut off before the end of the stroke. 
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Fig, 85b. 



61. — Fig* 85b shows a section of a slide valve whose 
exhaust edges p p x overlap the inner edges of the steam 
ports. The amount i which each of these edges overlap 
the inner edge of the steam port is called "inside lap" or 
"exhaust lap," The exhaust lap is always less than the 
steam lap, and in many cases it is not used. 

Sometimes the valve is constructed so that the inner 
edges p p x will control the admission of steam, and the 

outer edges ff x will con- 
trol the exhaust; in such 
cases the inner lap is the 
steam lap and the outer 
lap is the exhaust lap. 
From this it will be seen 
that the terms steam lap 
and exhaust lap are preferable to the terms outside lap 
and inner lap. The former terms will in some cases 
avoid ambiguity. 

62. — Fig. 86b shows a section of a slide valve whose 
inner edges p p x do not cover the steam ports. The open- 
ing r, when the valve is in 
its central position, is called 
"inside clearance" or 
" negative exhaust lap." 

Fig. lt.0b.— "Lead" is 
the amount of opening k 
of the steam port when the 
piston is p at the beginning of its stroke. If the amount 
of opening k is ^ inch when the piston is at beginning 
of its stroke, the valve is said to have -^ inch lead. In 
modern horizontal engines the valve has practically no 
lead. In upright engines the lead is generally a Lttle 




Fig. 86b. 
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greater at the bottom of the cylinder than at the top. 

03. — All slide valves must fulfill three conditions: 

First — Steam must not be admitted to both ends of the 
cylinder at the same time ; 

Second — The exhaust should commence not later than 
the admission of steam at the other end of the cylinder ; 

Third — The outer edges 
of the steam ports must be 
covered completely when the 
valve is in its central posi- 
tion, so that steam cannot l &' 
pass from the steam chest into the exhaust port, as shown 
in Fig. 87b. 

It will be seen that all the slide valves shown in Fig. SJfb 
85b and 86b will fulfill these conditions; but the valve 
shown in Fig. 87 will not, and therefore should not be 
used. 

04. — The slide valve receives its motion from the ec- 
centric which is keyed to the crank shui t. The eccentric and 
rod convert circular motion into a reciprocating motion, 
that is, to-and fro straight-line motion, and their action is 
exactly the same as that of the crank and connecting rod, 
with this exception, the latter converts the reciprocating 
motion into a circular motion. 

Eccentric. 

05. — There is nothing mysterious about an eccentric, 
as some mechanics seem to think. The eccentric may be 
considered to be a small crank with a very large crank 
pin, thus : 

Fig. 88b. — Let C be the center of the crank shaft and e 
the center of the eccentric disk. We may now consider 
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the distance Ce to be the length of the crank arm, and the 
diameter a of the disk to be the crank pin diameter, which 
is so large as to take in the diameter of the shaft. Now, 
since the diameter of the crank pin can have no effect on 




Fig. 38b. 



the resulting reciprocating motion, it follows that this 
motion will be precisely the same as that derived from a 
crank. The reason for using an eccentric is that there 
will be no necessity for cutting or dividing the crank 
shaft. 

Q6. — The distance from the center O of the shaft to 
the center e of the eccentric is called the "throw of the 
eiccentric." When the slide valve and the eccentric are 
connected by a rod, as shown in Fig. 32b, then the throw 
is equal to one-half tne travel of the valve. 

Some authorities define "throw" as equal to twice the 
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distance Ce ; in such a case the throw will be equal to the 
travel of the slide valve. We mention this so as to avoid 
confusion ; nearly all the modern writers employ the first 
definition, and we shall use the same in this book. 

67. — The line Ce produced in both directions to m and 
n is called the "center line of the eccentric. ,, 

68. — For engines in which the slide valve and eccentric 
are connected, as shown in Fig* 32b, the throw of the 
eccentric is equal to the lap of the slide valve plus the 
amount of opening of the steam port for the admission of 
steam. If, for instance, the slide valve has a \ inch lap, 
and the width of the steam port is T 9 ^ inch, which is to be 
opened fully and no more, then the throw of the eccentric 
will be equal to £ + T 9 ^ = 1 finches, and the travel of the 
valve will be 2£ inches. If the slide valve is to open the 
steam port to f inch only for the admission of steam, then 
the throw will be equal to \ + f = £ inch, and the travel 
of the valve will be If inches. Other kinds of connections 
may affect the amount of throw considerably, as is ex- 
plained in "Meyer's Mechanical Drawing and Machine 
Design." 

69. — I n studying the effect produced on the distribu- 
tion of steam by the lap given to the slide valve we may 
obtain a better conception of the whole subject by the use 
of a model of the valve gear, so that the relative positions 
of the piston and the slide valve can readily be seen. But 
models of this kind are expensive, and in the absence of a 
model we will have to work out these positions on the 
drawing board ; but as soon as we attempt to do so we 
are confronted by a complication due to the obliquity of 
the connecting rod and the eccentric rod. The obliquity 
of the latter is so small that generally it may be neglected; 
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but that of the connecting rod has quite an effect on the 
position of the piston, and to this we shall now direct at- 
tention. 

*7Q—Fig. 39b.— Let O be the center of the crank 
shaft and let the horizontal line Ab, which passes through 
the center (7, be the center line of motion of the crosshead, 
piston rod and piston. Through 
the point C draw a line Cp perpen- 
dicular to the line Ab and from the 
point C as a center and with a radius 
equal to the length of the crank draw 
a circle^ apbm; this circle is called 
the "crank pin circle," and repre- 
sents the path of the centre of the 
crank pin. It cuts the perpendic- 
ular Cp in the point jt>, and cuts the 
horizontal line Ab in the points a 
and b. These two latter points are 
called the "dead centers," because 
when the crank pin is on either one 
of these points the connecting rod 
will .have no tendency to turn the 
crank shaft in one or the other di- 
rection; and if the engine should 
stop with the crank pin on one of 
these dead centers it cannot be 
started without employing some ex- 
ternal force beside that exerted by 
the connecting rod, 

From the point a as a center and 
with a radius equal to the length of 
the connecting rod draw a short arc 
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cutting the line Ab in the point A; this point will be 
the center of the crosshead pin at one end of its travel. 
From the point b as a center and with a radius equal to 
the length of the connecting rod draw a short arc cut- 
ting the line Ab in the point B; this point will be the 
center of the crosshead pin at the other end of its travel. 
Since the crosshead and the piston are rigidly connected 
by the piston rod we may take the distance from A to 
B to be the stroke of the piston, and this is equal to the 
diameter ab, which is equal to twice the length of the 
crank. 

From p as a center and with a radius equal to the 
length of the connecting rod draw a short arc cutting the 
line Ab in the point P; this point will be the position 
of the center of the crosshead pin when the crank pin is 
at p. Now notice: The point p bisects the semicircum- 
ference which extends from a to b; but, on the other 
hand, the point P does not bisect the stroke AB; it will 
be found that the point P is closer to the end B of the 
stroke than it is to A % 

Let O be the center of the stroke ; from this point as a 
center and with a radius equal to the length of the con- 
necting rod draw the arc o Cm terminating in the circum- 
ference of the crank pin circle; the two points o and m 
will be the centers of the crank pin when the piston is at 
the center of its stroke. From this we see that during 
the first half stroke of the piston the crank pin travels 
from a to o, and during the second half stroke of the pis- 
ton the crank pin travels from o to b. Since the motion 
of the crank pin should be uniform, the average speed of 
the piston during the the first half stroke will be a little 
greater than during the second half stroke ; and this dif- 
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ference in the speed of the piston is due to the obliquity 
of the connecting rod. In the same way it may be shown 
that the obliquity of the eccentric rod has an effect on the 
motion of the slide valve ; this, however, is very small, and 
may be neglected. In an attempt to trace the relative mo- 
tions of the slide valve and piston, these complications 
may lead to confusion and considerable trouble. We state 
here, briefly, the result produced by the obliquity of the 
connecting rod is an unequal cut-off, or, in other words, 
the steam will not be cut off at equal distances from the 
ends of the cylinder, 

71. — This inequality of the cut-off can be reduced by 
increasing the length of the connecting rod, and if we 
assume this length to be infinite, the inequality of the cut- 
off will disappear altogether; but for the study of the 
valve motion a better way will be to throw out of con- 
sideration the connecting and eccentric rods, and assume 
the slide valve stem and the piston rod to be connected to 
the crank shaft by slotted crossheads. 

Position of the Eccentric for a Valve without Lap. 

72. — In order to give the valve the correct motion for 
the desired distribution of steam it is of. the highest 
importance to place the eccentric in the correct position 
on the crank shaft. If the slide valve has no lap and no 
lead the center line of the eccentric must be perpendicular 
to that of the crank, as indicated by the heavy center lines 
Cp and a C in the diagram Fig. 38b. Again, in all cases 
the eccentric must travel ahead of the crank ; hence if the 
direct connections between the valve and the eccentric are 
used, that is, if there is no rocker placed between them, 
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then the center line of the eccentric must be above the 
center line of the crank, as shown in Fig. 33b. The cor- 
rectness of this statement is seen by an inspection of this 
figure. When the piston commences to move towards the 
right hand end H of the cylinder the valve must move in 
the direction of arrow A so as to open the steam port 8 
and admit steam behind fche piston for driving it in the 
desired direction. 

If we place the center line of the eccentric on the dotted 
line Cg and then expect the crank shaft to turn in the di- 
rection of arrow I 1 we shall be doomed to disappointment, 
because an eccentric placed in this position will cause the 
valve to move in the direction of the arrow B when the 
crank shaft is turned in the direction of arrow 2\ conse- 
quently the valve will not open the steam port 8 for the 
admission of the steam required for driving the piston to 
the other end of the cylinder. But if we turn the crank 
in a direction opposite to that of the arrow r l\ then the 
valve will open the steam port 8 and admit steam behind 
the piston and drive it in the desired direction. From this 
it is plainly seen that the eccentric must be placed in ad- 
vance of the crank in the direction of its motion. If the 
eccentric is placed above the crank as shown in Fig. 33b, 
then the shaft will rotate in the direction of the arrow T\ 
if placed below the crank it will turn in the opposite 
direction. 

73. — Now let us trace the movement of the slide valve 
during a complete revolution of the crank ; the valve has no 
lap or lead. We have seen that in Fig. 33b the piston is 
at the beginning of its stroke and the slide valve occupies 
its central position, as it should do. 

After the crank has advanced through an angle of 90 
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degrees, the center line of the crank will be at Cc 2 , and 
the center line of the eccentric will occupy the position 
Cp 2 . During this advance of the crank the piston has 
travelled from the beginning to the center of its stroke, 
and the valve has moved from its central position to the 
end of its travel, thereby opening the steam port S for 
the admission of steam to the space behind the piston, 
and opening the steam port S t for the release of the 
steam in front of the piston. 

After the crank has advanced through an additional 
angle of 90 degrees the center line of the crank will be at 
Cc s , and the center line of the eccentric will be at Cg> 
During this advance of the crank the piston has reached 
tSe end of its stroke and the valve has been travelling in 
the direction of arrow B, gradually shutting off the supply 
of steam behind the piston, and also closing the release 
or exhaust of steam in front of the piston, and thus 
reaches its original central position, as shown in the illus- 
tration. 

During the time that the crank travels from Cc 3 to Cg 
the eccentric advances from Cg to Ca 2 , and the valve 
moves in the direction of the arrow B from its central 
position to the end of its travel, and thus opens fully the 
steam port 8 t for the admission of steam to the right hand 
end B of the cylinder and drives the piston on its return 
stroke ; it also opens the steam port S for the release of 
steam in front of the piston. During the last quarter of 
the revolution of the crank the valve moves in the direc- 
tion of arrow A from the end of its travel to its original 
central position. 

In tracing the motion of this valve we must not lose 
sight of the fact that we are dealing with a valve which 
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has no lead or lap, and we will notice that the steam port 
8 is open during the whole stroke of the piston from L 
to R for the admission of steam, and the steam port S i is 
open during the same whole stroke of the piston for the 
exhaust of steam. 

Position of the Eccentric for a Valve with Lap. 

74. — Now let us see what effect the lap and lead of 
the valve will have. In the first place, the lap and lead 
will change the position of the eccentric on the crank shaft. 
In Fig. Jfib the piston is at the beginning of its stroke, 
and steam will be required for driving the piston, hence the 




Fig. Jfib. 

valve must open the steam port S as soon as motion com- 
mences, or, in many cases, the valve has lead, as shown. 
Consequently, the valve cannot stand in its central position 
at the beginning of the stroke ; it must be moved ahead to 
an amount equal to the lap and lead, and this cannot be 



Digitized by LjOOQ IC 



88 



The Elementary Principles of 



done without shifting the eccentric. In the preceding 
Article we have seen that when the valve has no lap or lead 
the center line of the eccentric must stand perpendicular 
to the center line of the crank, or we may say the advance 
of the eccentric must be equal to an angle of 90 degrees. 




Fig.Jtlb. 

But now we see that when the slide valve has lap and lead 
the advance of the eccentric must be greater than an angle 
of 90 degrees. This additional advance is found as 
follows: 

75. — Fiff- 41b* — Draw the horizontal center line ab, 
and from any point C on this line as a center draw, the 
eccentric circle « 2 2*2^2 cu ^ing the vertical line Cp in the' 
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point p 2 . From the center C lay off on the line ab a distance 
Oe equal to the lap and lead ; through the point e draw a 
line ee 2 perpendicular to ab cutting the eccentric circle in 
the; point e 2 ; this point will be the center of the ec- 
centric* join the the points e 2 and by a straight 
line. The. angle p 2 Ce 2 is called the "angle of ad- 
vance," and the distance Ce is called the "linear ad- 
vance." Probably a practical example will make the whole 
subject clearer. 

Example. — Find the position of an eccentric for a valve 
which has £ inch lap and ^ inch lead. The steam ports 
are £ inch wide and should be opened fully for the admis- 
sion of steam ; stroke 6 inches. The connection between 
the eccentric and the slide valve is the same as that shown 
in Fig. 82b. 

The first step will be to find the throw of the eccentric. 
In Article 68 we have seen that for a direct connection be- 
tween the valve and the eccentric, such as we have to deal 
with now, the throw of the eccentric is equal to the sum 
of the lap and the steam port opening ; hence the throw 
will be £ + § = 1£ inches. 

The radius of the eccentric circle is equal to the throw, 
hence from any point G, Fig. Jf.lb, as a center and with a 
radius of 1£ inches draw the eccentric circle a 2 b 2 p 2 ; also 
from the same center draw the crank pin circle abp ; draw 
the horizontal line ab cutting the crank pin circle in the 
points a and b ; the line ab will represent the stroke of 
the piston, and a C the center line of the crank at the be- 
ginning of the stroke. From the center C lay off on the 
line ab a distance equal to fy inch (which is the sum of 
the lap and lead) and thus establish the point e ; through 
this point draw the lino ee l? perpendicular to the line ab 
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cuttiDg the eccentric circle in the point e 2 ; this point will 
be the center of the eccentric. 

76. — At the beginning of the stroke the center line of 
the connecting rod coincides with the center line of mo- 
tion of the piston, and therefore the position of the eccen- 
tric as found above is correct, no matter what obliquity 
the connecting rod may have during the stroke. We have 
now worked out all the conditions given in the example. 
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BOLTS for caps on connecting rods, 

Bolts for piston follower, 67 
Brasses for connecting rods, dimen- 
sions of, 87 
Bridges in steam cylinders, 75 
Bushing for knuckle Joint, 23 

CAP at the crank pin end of the con* 
nee ting rod, 50 

Caps at the crosshead end of a con- 
necting rod, 50 

Connecting rod, dimensions of rect- 
angular ends, 36 

Connecting rod, graphical method of 
finding the stress in, 31 

Connecting rod, its length affects the 
pressure of crosshead against slides, 

Connecting rod, length for different 

engines, 34 
Connecting rod, length without the 



Connecting rod, practical example of, 
dimensions obtained by computa- 
tions, 42 

Connecting rod, rectangular, 44 

Connecting rods, 28 

Connecting rods, forms of, 28 

Connecting rods, length of, 29 

Connecting rods, pull and thrust of, 
29 

Connecting rods of the marine type, 
48 and 53 

Connecting rod strap, computations 
of, dimensions of, 18 

Connecting rod strap, proportions of, 
17 

Connecting rod, tapered from its cen- 
ter to crosshead end, and cylindrical 
from center to crank pin end. 42 

Connecting rod with forked end, 42 

Cotter and gib, the advantage of, the 
use of, 19 
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Cotter for connecting rod, taper of, 41 

Cotter used alone, form of slot, 20 

Cotter with one gib, 19 

Cotter with two gibs, 19 

Cottered Joiut, method of reducing 
weight of, 14 

Cottered Joint, suitable for locomotive 
valve stems; proportions of, in 

Cottered Joint with collar on rod, 14 

Cottered Joints, proportions of, 7 

Cotters for li m ited spaces, 2 * * 

Cotters for piston rods, 60 

Cotters, least width of, 21 

Cotters, length of, 21 

Cotters, means for holding them in 
position, 20 

Cotters, wrought iron and steel, 21 

Crank, direction of rotation, 34 

Crosshead, graphical method of find- 
ing the pressure on the slides, 31 

DEAD centers of crank, 82 

Dimensions of bolts for caps on con- 
necting rods, computing the, 52 and 
51 

Dimensions of caps on connecting 
rods, computing the, 50 

Dimensions of connecting rods, com 
puting the, 34 

Dimensions of connecting n>: of the 
marine type, computing the, *.9 

Dimensions of connecting rod strap, 
computations of, 18 

Dimensions of double nut Joint, 
computing the, 27 

Dimensions of knuckle Joint comput- 
ing the, 24 

Dimensions of rectangular connect- 
ing rod, computing tho, 45 

Dimensions of straps for connecting 
rods, computing thn, 88 

Distribution of steam by the slide 
valve, 81 

Double nut Joint, 26 
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Drawing of cottered Joint, making of, 

13 
Drawing of knuckle Joint, 24 and 26 

ECCENTRIC, 79, 

Eccentric, position of, for valve with 
lap, 87 

Eccentric, position of, for valves 
without lap, 84 

Engine with cylinder 4 inches diame- 
ter, 6 inches stroke, 71 

Exhaust lap of slide valves, 78 

Exhaust ports, 75 

FORKED end of connecting rod, 46 

INSIDE clearauce of slide valves, 78 
Inside lap of slide valves, 78 

JAWS for knuckle Joint, 23 

KNUCKLE JOINT for locomotive 

valve rod, 15 
Knuckle joint, ordinary, 22 

LAP of slide valve, 77 
Lead of slide valves, 78 

NEGATIVE exhaust lap, 78 

OBLIQUITY of connecting rod, effect 
of, 82 

PACKING rings for pistons, 63 and 64 
Packing rings for pistons, method of 

making Joint, 65 
Pin for knuckle Joint, 23 
Piston, cast iron coned, 64 
Piston, cast iron hollow, 66 
Piston, cast steel, 70 
Piston, cast steel coned, 64 
Piston, depth at center, 69 
Piston, ribs in, 68 
Piston, tee-ring in, 65 
Piston, thickness of metal of, 61 
Piston, with follower plate, 65 
Piston, with single plate dished, 61 



Piston rods, 56 

Piston rods cottered to piston, 60 

Piston rods, diameter of, 50 

Piston rods, diameter of, the length 
being 3 J times the diameter, 60 

Piston rods, diameter for oscillating 
engines, 60 

Piston rods, form of ends of, 59 

Piston rods, method of fastening to 
the piston, 57 

Piston rods, two for each piston, 58 

Pistons, 61 

Proportions of cotters for connecting 
rods, 41 

Pull on the arms of straps for connect- 
ing rods, 42 

ROD, area of cross-section required 

for a given load, 8 
Rod cottered to a cast iron hub, 17 
Rod, diameter of the end through 

which a cotter passes, 9 

SLIDE valve, 75 

Slide valve, movement of, 85 

Slide valves, conditions they must 

fulfill, 79 
Springs for pistons, 71 
Steam lap of slide valves, 77 
Steam ports, 75 

TAPER at end of piston rod, 59 
Taper of cotter for connecting rod, 41 
Taper of cotters, 20 
Throw of eccentric, 8 J 
Thrust of a connecting rod, comput- 
ing the, 3 1 
Travel of slide valve, 80 

WEIGHT of connecting rod, method of 

reducing, 46 
Wrench, proportions of, 2 
Wrench, to make drawing of a, 5 
Wrench with heads set obliquely, 4 
Wrought iron, allowable working 

stress per square inch of section, 8 
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EASY LESSONS 

IN 

Mechanical Drawing 
A^ Machine Design* 

By J. G. A. MEYER. 



This work will be completed in 24 parts at 50 cents each. 

One or more parts will be issued every month. 

It will be sold by subscription only through our author- 
ised agents, and it is not for sale through the trade. 

Orders from localities where we have no authorised 
agents, if accompanied by cash, will be promptly filled by 
mail or express, prepaid. 

The expense incurred in filling small orders C. O. D. will 
prevent us from doing so. 

In localities where we have carriers, collections will be 
made on the delivery of the parts. The carrier is not al- 
lowed to give credit or to receive payments in advance. 
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We want in all parts of the country young intelligent 
go-head men to act as agents. Young energetic men to 
canvass the shop in which they work preferred. 

Arnold Publishing Honse, 

1 6 Thomas Street, New York. 



Subscribers are not required to pay in advance $12.00 
for the whole work, nor is it necessary to pay at once for 
all the parts which are ready for delivery ; they have to pay 
only for the parts they choose to order. We will furnish 
one or more parts at any time to suit the convenience of 
those who want the book. The reason for publishing this 
work in parts is to put it within the reach of all. In this 
way mechanics and others interested in these subjects can 
receive a first-class education in Mechanical Drawing and 
Machine Design at the extremely low rate of fifty cents 
per month. The lessons are simple, thorough and reli- 
able, and are arranged in a well-graduated course, so as to 
make progress easy. Particular care has been taken to 
present the subjects in such a way as to make the book 
suitable for 

HOME STUDY 

without a teacher, thereby enabling the student to get a 
first-class course of instruction in 

MECHANICAL DRAWING AND MACHINE DESIGN 

without compelling him to use valuable time for dressing 
and for going to and returning from school. In fact, this 
book brings the instruction to his door. After the stu- 
dent has completed this course he will have in his posses- 
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sion an excellent reference book, which will be very ueef ul 
in his daily practice. The student may feel assured that 
this course of instruction is as good as he can obtain in any 
school or college, provided he is willing to learn and make 
an earnest effort to learn, and not waste his time in the 
endeavor to find a short cut to learning the various subjects 
connected with mechanical drawing, all of which are given 
in this book. The sale which this work is having shows 
that it is highly appreciated by practical men and by all 
who are endeavoring to improve themselves. 

GEOMETRICAL DRAWING. 

The lessons commence with geometrical drawing, that 
is, with that branch of drawing in which all the problems 
are drawn in accordance with strict geometrical principles, 
the use of all tools excepting the straight-edge and the com- 
passes being prohibited. In pursuing this branch of the 
study the beginner will become familiar with geometrical 
principles which he will find to be extremely useful in me- 
chanical drawing and machine design. After geometrical 
drawing the study of 

MECHANICAL DRAWING 

is taken up. In this branch of drawing the use of tools 
and labor saving devices is not only permitted but recom^ 
mended, the idea being to make working drawings rap- 
idly, accurately and neatly. In this branch the principles 
of descriptive geometry upon which mechanical drawing is 
based are taught. The 

DEVELOPriENT OF SURFACES 

is thoroughly explained and applied to practical work, such 
as 
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LAYING OUT BOILER WORK, ETC., 

Various other important subjects are also taken up, in- 
cluding 

CONSTRUCTION OF GEARS, ETC. 

The author does not advocate a course which will sim- 
ply teach the student to copy drawings, as is done in some 
schools, but strongly recommends and follows a course 
which will enable the student to find the proportion of parts 
and to compute their strength, make his own sketches and 
make a working drawing from these, without having a 
copy set before him. In order to accomplish this the au- 
thor has found it necessary to add a course of instruction in 

MACHINE DESIGN. 

The importance of this subject has not been overlooked 
nor considered to be one of secondary importance to me- 
chanical drawing. It is given in a simple, thorough and 
reliable manner, accompanied by examples and illustrations 
simple in character and familiar to many of the readers. 
For instance, this study commences with the design of a 
screw wrench or spanner ; this is followed by the design of 
cottered joints, designs of the details of a small steam en- 
gine, tools, etc. Nearly all the illustrations given in connec- 
-ion with machine design are first-class 

FIGURED WORKING DRAWINGS 

and are worth in themselves far more than the price of the 
the book. Most of these illustrations are reproductions of 
the author's drawings, and will give a good idea of what 
a draftsman can do and should be able to do without the 
aid of the engraver's art. The art of designing involves a 
knowledge of 
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MENSURATION, 

APPLIED MECHANICS, 

STRENGTH OF MATERIAL, 
ETC., ETC., 

and to these subjects considerable space has been given so 
as to convey to the student a thorough conception of the 
principles involved ; making the work complete, as well as 
exceedingly useful and instructive to those wishing to be- 
come draftsmen, and to mechanics, engineers and all those 
engaged as workmen, users or sellers of machinery. 



We here give a few extracts from comments of the tech- 
nical press. 

American Machinist, April 1st, 1897. 

"Mechanically, i.e., as regards paper, typography, etc., the books 
are elegantly gotten up, and there can be no doubt that many stu- 
dents of the art of mechanical drawing, both young and old, will find 
them an invaluable assistance." 

Locomotive Engineering, April, 1897. 

"The book on mechanical drawing is likely to be the best work 
on the subject ever published." 

Machinery, May, 1897. 
"We heartily recommend this work, and shall look forward with 
pleasure to each number as it appears." 

Power, May, 1897. 
" It is a pleasure to note that Mr. Meyer has lived up to his well, 
earned reputation and has made no attempt to foist his production 
on the reading public in a slip-shod style, trusting to his name to 
secure a sale." 

Scientific American, May, 29, 1897. 
"The name of Mr. Meyer, formerly associate editor of The Ameri- 
can Machinist, is a guarantee of the completeness of his undertaking. 
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The numbers issued aro excellent examples of line engraving of 
machine drawing with figured details." 

Locomotive Engineering, October, 1897. 
"Part 7 of " Easy Lessomj in Mechanical Drawing and Machine 
Design," by J. G. A. Meyer, has just been received, and it should 
be of great interest to engineers of all kinds, both locomotive and 
stationary. It treats Of the slide valve in Mr. Meyer's painstaking 
way, which makes every detail clear to the student. His valve dia- 
gram, which is a modification of the one used by Professor MacCord 
is the simplest and clearest we have seen, and will be appreciated by 
many to whom the Zeuner and other complicated diagrams are mys- 
teries. It seems te grow better with each issue." 



Those who study this work will be guided by a compe- 
tent instructor, as the author has had many years of ex- 
perience in teaching in evening schools, both private and 
public, and has had years of experience as designer in 
the drawing room. 

Particular care has been taken to present all the subjects 
in plain language; all technicalities have been thoroughly 
explained, so that the student will have no doubt in his 
mind nor have any occasion for asking questions. 
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These books wiU be sent, postpaid, to any address in any accessible part of the 
world, on receipt of price. — Full Descriptive Catalogues may be had free. — New 
Catalogues, with additions of new books, are issued from time to time, and will be 
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INDUSTRIAL PUBLICATION CO., New York. 

THE STEEL SQUARE AND ITS USES. 

Being a Description of the Square and Its Uses in Obtaining the 
Lengths and Bevels of all kinds of Rafters, Hips, Groins, Braces, 
Brackets, Purlins, Collar-Beams, and Jack-Rafters. — Also, its 
Application in Obtaining the Bevels and Cuts for Hoppers, Spring 
Moldings, Octagons, Stairs, Diminished Stiles, &c. — By Fred. T. 
Hodgson, author of " Practical Carpentry," "The Builders' Guide," 
&c. — Third Edition, Revised and Greatly Enlarged. — Illustrated 
by Nearly One Hundred Fine Engravings. — Cloth, gilt. . . $1 

This is the only practical work on the steel square and its uses ever published. 
It is thorough, accurate, clear, and easily understood. Confounding terms and 
scientific phrases have been religiously avoided where possible ; and everything in 
the book has been made so plain that a boy of twelve years of age, possessing 
ordinary intelligence, can understand it from end to end. 

This new edition, just issued, is illustrated by nearly one hundred handsome 
engravings, showing how the square may be used for solving nearly every problem 
in the whole art of carpentry. The carpenter who possesses this book need not 
waste time and material " cutting and trying." He can lay out his work to a hair's 
breadth, and "cut to the line." And, in these days, the workman who can not lay 
out his work accurately at the first attempt stands no show. 

The book is absolutely indispensable to every person who may have to use a 
carpenter's square. Joiners, cabinet-makers, bricklayers, stonecutters, plasterers, 
lumber-dealers, amateurs, and all who build a fence, tinker a gate, or make a 
chicken-coop will find something in this little volume that will help and aid them 
to do their work better and more intelligently than they could without a knowledge 
of its contents. 

Many difficult and troublesome mathematical problems can be solved by the use 
of this tool, and the methods of solving them are shown in this book. It describes 
how painting, plastering, and brickwork can be measured, and how many mechan- 
ical difficulties can be overcome with great ease. It explains how ellipses, parabolas, 
octagons, circles, and many other figures, may be described by the steel square. 

It is safe to say that this dollar book will easily enable any intelligent mechanic 
to save ten dollars in time and material during the first three months that he has 
It in use. 
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CATALOGUE OF INDUSTRIAL BOOKS. 

STEEL 8QUARES AND THEIR USES. 

Being a Description of the Various Steel Squares and Their Uses 
in Solving a large number of Mechanical Problems in Constructive 
Carpentry, Joinery, Sheet-metal Work, Cut-stone or Brick-work. 
Also, showing how many Geometrical and other Problems may be 
solved by the use of the Steel Square. — By Fred. T. Hodgson, 
author of "The Steel Square and Its Uses," "The Slide-Rule, and 
Its Uses," "Practical Carpentry," "The Builders' Guide," &c. — 
Finely Illustrated.— Cloth $1 

This forms Part II of " The Steel Square and Its Uses" and* is not in any sense 
a substitute for the First Part, which still remains what it always has been— a neces- 
sity to every intelligent workman. Part II is an extension and enlargement of the 
First Part, giving new problems, new methods, and new wrinkles for shortening 
the labor and increasing the accuracy of the workman. It is illustrated in the 
same handsome manner which characterizes the First Part, to which it forms a 
companion volume. 

With these two volumes in his possession the workman has at command the 
entire practical mathematics of construction, and is prepared to lay out any piece of 
work more easily, quickly, and accurately than it can be done by any other method. 

PRACTICAL CARPENTRY. 

Being a Guide to the Correct Working and Laying-out of all kinds 
of Carpenters' and Joiners' Work, with the Solutions of the Various 
Problems in Hip-Roofs, Gothic Work, Centering, Splayed Work, 
Joints and Jointing, Hingeing, Dovetailing, Mitering, Timber- 
Splicing, Hopper- work, Skylights, Raking Moldings, Circular 
Work, &c. — To which is prefixed a thorough treatise on "Car- 
penters' Geometry."— By Fred. T. Hodgson, author of "The 
Steel Square and Its Uses," " The Slide-Rule, and How to Use It," 
"The Builders' Guide," &c— Illustrated by over Three Hundred 

Engravings. — Cloth, gilt $1 

This is the most thorough book of the kind ever published. It is thorough, 

practical, and reliable; and at the same time is written in a style so plain that any 

workman or apprentice can easily understand it. 

STAIR-BUILDING MADE EASY. 

Being a Full and Clear Description of the Art of Building the 
Bodies, Carriages, and Cases for all kinds of Stairs and Steps.— 
Together with Illustrations Showing the Manner of Laying Out 
Stairs, forming Treads and Risers, building Cylinders, preparing 
Strings; with Instructions for making Carriages for Common, 
Platform, Dog-legged, and Winding Stairs.— To which is added an 
Illustrated Glossary of Terms used in Stair-Building, and Designs 
for Newels, Balusters, Brackets, Stair-Moldings, and Sections of 
Hand-Rails.— By Feed. T. Hodgson, author of " The Steel Square 
and Its Uses," &c— Illustrated by over One Hundred and Twenty 
Engravings, many of them full-page size. — Cloth, gilt. ... $1 
This work takes hold at the very beginning of the subject, and carries the 
student along by easy stages until the entire subject of stairbuilding has been un- 
folded, so far as ordinary practice can ever require. This book, and the following 
one on Hand-Bailing, cover nearly the whole subject of Stair-Building. 
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CATALOGUE OF INDUSTRIAL BOOKS. 

A NEW SYSTEM OF HAND-RAILING. 

Or, How to Cut Hand-Railing for Circular and other Stairs, square 
from the Plank, without the aid of a Falling Mould. — By An 
Old Stairbuilder. — Edited and corrected by Fred. T. Hodgson, 
author of "Stair-building Made Easy," &c. — Cloth, gilt. . . $1 
The system is new, novel, economic, and easily learned. Rules, instructions, 
and working drawings for building rails for seven different kinds of stairs are given. 

THE BUILDERS' GUIDE, and Estimators' Price-Book. 

Being a Compilation of Current Prices of Lumber, Hardware, 
Glass, Plumbers' Supplies, Paints, Slates, Stones, Limes, Cements, 
Bricks, Tin, and other Building Materials. Also, Prices of Labor 
and Cost of Performing the Several Kinds of Work Required in 
Building; together with Prices of Doors, Frames, Sashes, Stairs, 
Moldings, Newels, and other Machine-work. — To which is ap- 
pended a large number of Building Rules, Data, Tables, and 
Useful Memoranda, with a Glossary of Architectural and Building 
Terms.— By Fred. T. Hodgson, author of "The Steel Square and 
Its Uses," " The Slide-Rule, and How to Use It," "Practical Car- 
pentry," &c— Cloth $2 

CARPENTERS' and JOINERS' POCKET COMPANION 

Containing Rules, Data, and Directions for Laying Out Work, and 
for Calculating and Estimating. — With Frontispiece showing the 

farts of an Architectural Column; also containing many other 
llustrative Engravings. — Compiled by Thomas Moloney, Car- 
penter and Joiner. — Cloth 50 cents. 

This is a compact and handy little volume, containing the most useful rules and 
memoranda, practically tested by many years' experience in the shop, factory, and 
building. Also, a treatise on the framing-square. It is by a thoroughly practical 
man, and contains enough that is not easily found any where else to make it worth 
more than its price to every intelligent carpenter. 

EASY LESSONS IN ARCHITECTURE. 

Consisting of a Series of Questions and Answers explaining in 
Simple Language the Principles and Progress of Architecture 
from the Earliest Times.— By Thomas Mitchell.— Illustrated by 
nearly One Hundred and Fifty Engravings. — New Edition, with 

American additions. — Cloth 90 cents. 

Architecture is not only a profession and an art, but an important branch of 
every liberal education. No person can be said to be well educated who has not 
some knowledge of its general principles and of the characteristics of the different 
styles. The present work is probably the best architectural textbook for beginners 
ever published. The numerous illustrative engravings make the subject very simple, 
and prevent all misunderstanding. It tells all about the different styles, their pecu- 
liar features, their origin, and the principles that underlie their construction. 

HINTS AND AIDS TO BUILDERS. 

Gives hints and prices, tells how to measure, explains building 
terms, and, in short, contains a fund of information for all who are 
interested in building. — Paper 25 cents. 
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BUCK'S COTTAGE AND OTHER DESIGNS. 

Buck's Designs in Architecture, showing a Variety of Designs, 
together with a large amount of Miscellaneous Matter, making it 
a very valuable book. — Forty designs for fifty cents. 
Just the book you want, if you are going to build a cheap and comfortable home. 
It shows a great variety of cheap and medium-priced cottages, besides giving a 
number of useful hints and suggestions on the various questions liable to arise in 
building, such as selections of site, general arrangement of the plans, sanatary 
questions, &c. Cottages costing from $500 to $5,000 are shown in considerable va- 
riety, and nearly every taste can be satisfied. 

The information on site, general arrangement of plan, sanatary matters, &c, is 
worth a great deal more than the cost of the book. 

WATER-CLOSETS-— A Historical, Mechanical, and Sanatary 
Treatise. — By Glenn Brown, Architect; Associate American 
Institute of Architects. — Neatly bound in cloth, gilt title. . $1 
This book contains over 250 engravings, drawn expressly for the work by the 
author. The drawings are so clear that the distinctive features of every device are 
easily seen at a glance, and the descriptions are particularly full and thorough. Every 
known water-closet is fully described, and an account given of its qualities, advan- 
tages, and defects. The paramount importance of this department of the construc- 
tion of our houses renders all comment upon the value of such a work unnecessary. 

PLASTER: HOW TO MAKE AND HOW TO USE. 

Being a Complete Guide for the Plasterer in the Preparation and 
Application of all kinds of Plaster, Stucco, Portland Cement, 
Hydraulic Cements, Lime of Tiel, Rosendale and other Cements. 
With Useful and Practical Information on the Chemistry,Qualities, 
and Uses of the Various Kinds of Limes and Cements. — Together 
with Rules for Measuring, Computing, and Valuing Plaster and 
Stucco Work. — To which is appended an Illustrated Glossary of 
Terms used in Plastering, &c. — By Fred. T. Hodgson, author of 
"The Builders* Guide, and Estimators' Price-Book," "Practical 

Carpentry," &c— Cloth, gilt $1 

This work is illustrated with numerous engravings in the text, and three plates, 
giving some forty figures of ceilings, center-pieces, cornices, panels, and soffits. It 
is an invaluable book for plasterers, bricklayers, masons, builders, architects, and 
engineers. 

HANDSAWS: THEIR USE, CARE, AND ABUSE. 

How to Select and How to File Them.— Being a Complete Guide 
for Selecting, Using, and Filing all kinds of Handsaws, Backsaws, 
Compass and Keyhole Saws; Web, Hack, and Butchers 7 Saws; 
Showing the Shapes, Forms, Angles, Pitches, and Sizes of Saw- 
teeth suitable for all kinds of Saws, and for all kinds of Wood, 
Bone, Ivory, and Metal. — Together with Hints and Suggestions 
on the Choice of Files, Saw-sets, Filing-clamps, and other matters 
pertaining to the Care and Management of all classes of Hand 
md other Small Saws.— Bv Fred. T. Hodgson, author of "The 
Steel Square and Its Uses," '"The Slide-Rule, and How to Use It," 
"The Builders' Guide," "Practical Carpentry," &c— Illustrated 

by over Seventy-five Engravings. — Cloth, gilt $1 

This work is intended more •particularly for operative carpenters, joiners, cab- 
inet-makers, carriagebuilders,and woodworkers generally, amateurs or prof essionals. 
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THE PRACTICAL UPHOLSTERER. 

Giving Clear Directions for Skillfully Performing all kinds of 
Upholsterers' Work in Leather, Silk, Plush, Reps, Cottons, Vel- 
vets, and Carpetings. — Also, for Stuffing, Embossing, Welting, 
and Covering all kinds of Mattresses, &c. — Rules for Measuring 
Valances, Curtains, Tapestry, Window and Door Drapery, Curtain 
Rods, Persian Beds, Mantel Drapery, Lambrequins, Cushions, 
Floor-Cloths, Festoon Blinds and Curtain-Hangings, and all kinds 
of Upholstery. — Fully Illustrated with Engravings of Tools, 
Sketches of Furniture, and numerous full-page Illustrations of 
Original Decorative Designs. — By A Practical Upholsterer. 
12mo, cloth $1 

This work contains a number of original designs in drapery and upholstery, 
with full explanatory text, and an immense number of working illustrations. It 
gives a description of tools, appliances, and materials. It tells how to upholster 
chairs, parlor furniture, bedroom furniture, &c. It contains rules for cutting bed- 
hangings, window-curtains, door-hangings, blinds, and for measuring and cutting 
carpets. It gives arithmetical calculations for cutting carpets, curtains, &c, mantle- 
board drapery, festoons, and, in short, everything pertaining to upholstery. 

There is nothing published in this country that is so thorough and complete in 
the instructions given for upholstering, as this book. It is invaluable alike to the 
practical workman and the amateur. 

CABINET-MAKING, UPHOLSTERING, FURNITURE. 

Hints and Practical Information for Cabinet-makers, Upholsterers, 
and Furniture-men Generally. — T ogether with a Description of all 
kinds of Finishing, with Full Directions Therefor; Varnishes, 
Polishes, Stains for Wood, Dyes for Wood, Gilding and Silvering, 
Recipes for the Factory, Lacquers, Metals, Marbles, &c; Pictures, 
Engravings, &c. — Cloth, gilt $1 

This book contains an immense amount of the most useful information for 
those who are engaged in the manufacture, superintendence, or construction of 
furniture or woodwork of any kind. It is one of the cheapest and best books ever 
published, and contains over one thousand hints, suggestions, and methods; and 
descriptions of tools, appliances, and materials. All the recipes, rules, and directions 
have been carefully revised and corrected by practical men of great experience, so 
that they will be found thoroughly trustworthy. It contains many of the recipes 
recently sold at from $5 to $500. 

THE WORKSHOP COMPANION.-Part I. 

A Collection of Useful and Reliable Recipes, Rules, Processes, 
Methods, Wrinkles, and Practical Hints, for the Household and 
the Shop Paper, 35 cents.— Cloth, gilt title, 60 cents. 

This is a book of 164 closely printed pages, forming a dictionary of practical 
information for mechanics, amateurs, housekeepers, farmers, — everybody. It is 
not a mere collection of newspaper clippings, but a series of original treatises on 
varicus subjects, such as alloys, cements, inks, steel, signal-lights, polishing mate- 
rials, and the art of polishing wood, metals, &c.; varnishing, gilding, silvering, bronz 
Ing, lacquering, and the working of brass, ivory, alabaster, iron, steel, glass, &c. 
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THE WORKSHOP COMPANION.-Part II. 

A Collection of Useful and Reliable Recipes, Rules, Processes, 
Methods, Wrinkles, and Practical Hints, for the Household and 
the Shop. .... Paper, 35 cents. — Cloth, gilt title, 60 cents. 

This is an extension of the first part, and contains subjects which have not been 
discussed in the earlier volume. These two volumes contain an immense amount 
of practical instruction on matters in regard to which information is constantly 
desired by amateurs and practical men. 

THE PRACTICAL ASSISTANT, AND WORKSHOP 

COMPANION.— A Treasury of Useful Information relating 
to the Arts and Sciences of everyday life.— Containing Useful 
and Reliable Processes, Recipes, Wrinkles, Methods, Rules, Data, 
Tables ; and Hints for the Factory and the Household, the Shop 
and the Farm.— Edited by John Phin. — Cloth, $1 

This is Parts I kW. n of "The Workshop Companion," described above, hand- 
somely bound together in cloth, with gilt title. 

THE AMATEURS 9 HANDBOOK OF PRACTICAL 
INFORMATION, for the Workshop and Laboratory. 

Second Edition. — Greatly Enlarged. — Neatly bound. . » 15 cents. 

This is a handy little book, containing just the information needed by amateurs 
In the workshop and laboratory. Directions for making alloys, fusible metals, 
cements, glues, &c; and for soldering, brazing, lacquering, bronzing, staining and 
polishing wood, tempering tools, cutting and working glass, varnishing, silvering, 
gilding, preparing skins, &c. The new edition contains extended directions for 
preparing polishing powders, freezing mixtures, colored lights for tableaux, solu- 
tions for rendering ladies' dresses incombustible, &c. There has also been added 
a very large number of new and valuable recipes. 

The Workshop Companion, Part 1, above described, contains all the matter 
that is to be found in "The Amateurs' Handbook." 

MECHANICAL DRAUGHTING. 

The Student's Illustrated Guide to Practical Draughting. — A series 
of Practical Instructions for Machinists, Mechanics, Apprentices, 
and Students at Engineering Establishments and Technical In- 
stitutes. — By T. P. Pemberton, Draughtsman and Mechanical 
Engineer. — Illustrated by numerous engravings. — Cloth, gilt. $1 
This is a simple but thorough book, by a draughtsman of twenty-five years' 
experience. It is intended for beginners and self-taught students, as well as for 
those who pursue the study under the direction of a teacher. 

DRAWING INSTRUMENTS. 

Being a Treatise on Draughting Instruments, with Rules for their 
Use and Care; Explanations of Scales, Sectors, and Protractors. 
Together with Memorauda for Draughtsmen; Hints on Purchasing 
Instruments, Paper, Ink, Pencils, &c. Also, a Price-list of all Mate- 
rials required by Draughtsmen.— Illustrated with twenty-four Explan- 
atory Illustrations.— By Fred. T. Hodgson.— Paper. ... 25 cents. 
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THE SLIDE-RULE, AND HOW TO USE IT. 

Being a Compilation of Explanations, Rules, and Instructions, 
suitable for Mechanics and others interested in the Industrial 
Arts.— Compiled and arranged by Fred. T. Hodgson. — 25 cents. 

Roles are given for the measurement of all kinds of boards and planks, timber 
in the round or square, glaziers' work and painting, brickwork, paviors' work, tiling 
and slating, the measurement of vessels of various shapes, the wedge, inclined planes, 
wheels and axles, levers, the weighing and measurement of metals and all solid 
bodies, cylinders, cones, globes, octagon rules and formulae, the measurement of 
circles, and a comparison of French and English measures, with much other informa- 
tion useful to builders, carpenters, bricklayers, glaziers, paviors, slaters, machinists, 
and other mechanics. 

Possessed of this little book and a good slide-rule, mechanics might carry in 
their pockets some hundreds of times the power of calculation that they now have 
in their heads, and the use of the instrument is very easily acquired. 

THE ENGINEER'S SLIDE-RULE, and Its Applications. 

A Complete Investigation of the Principles npon which the Slide- 
Rule is constructed ; together with the Method of its Application 
to all the Purposes of the Practical Mechanic. — By William 
Tonkes. — Paper 25 cents. 

THE LIGHTNING CALCULATOR. 

Practical Hints on Lightning Calculating. — To which are added 
Rules, Tables, Data, Formulae, and Memoranda, for making rapidly 
those everyday calculations that are required in business, mechan- 
ics, and agriculture. — Paper 20 cents. 

A CENTURY OF INVENTIONS. 

An exact reprint of the famous " Century of Inventions" of the 
Marquis of Worcester (first published in 1663). — With an Intro- 
duction, Notes, and a Life of the Author. — With Portrait after a 
Painting by Van Dyke.— Edited by John Phin.— Cloth. . . . $1 

This is one of the most extraordinary books ever published. The famous 
"Century of Inventions" is of more than mere historical interest. It contains nu- 
merous hints and suggestions of what might be accomplished, and will be found of 
great interest and value to every one interested in mechanics. Many persons claim 
that the Marquis of Worcester anticipated many of our most important modern 
inventions and discoveries. Great care has been taken to reproduce exactly (so far 
as modern type, &c, could do it) the edition published by the Marquis himself. It 
has been entirely out of print for many years. 

ThI ELECTRICIAN'S POCKET COMPANION. 

Electrical Rules, Tables, Tests, and Formula. — By Andrew 
Jamieson, C.E., F.R.S.E.— Fully illustrated.— Cloth 75 cents. 

This is the most compact and thorough work in the market for the practical 
electrician. It contains minute directions for all calculations, tests, &c, with clear 
engravings of the apparatus employed. The following list of contents will give an 
idea of its scope : — 

Formulae of the Absolute Units,— Practical, Electrical, and Mechanical. 

Heat and Light Units. 

Electrochemical Equivalents, Electrolysis, Heat and Energy of Combustion. 

Practical Methods of Electrical Measurements. 

Electric Conductors: Copper, &c— Insulators: Guttapercha, &c 

Submarine Cables.— Aerial Land-lines. 

Electric Lighting, and Transmission of Power. 
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LECTURES IN A WORKSHOP.- By t. p. Pemberton, 

formerly Associate Editor of The Technologist; author of "The 
Student's Illustrated Guide to Practical Draughting." — With an 
Appendix containing the famous papers by Whitworth "On Plane 
Metallic Surfaces of True Planes"; "On the Uniform System of 
Screw-Threads"; "Address to the Institution of Mechanical En- 
gineers, Glasgow"; "On Standard Decimal Measures of Length." 

Cloth, gilt $1 

We have here a sprightly, fascinating book, full of valuable hints, interesting 
anecdotes, and sharp sayings. It is not a compilation of dull sermons or dry math- 
ematics, but a live, readable book. The papers by Whitworth, now first made 
readily accessible to the American reader, form the basis of our modern systems of 
accurate work. 

THE NEW POCKET CYCLOPEDIA. 

A Compendium of General Knowledge, Useful and Interesting 
Facts, Valuable Statistics, and Practical Information. — 16mo., 

cloth 50 cents. 

This is a handy volume of 164 pages, printed in small but clear type on very fine 
n paper, so that the book may be readily carried in the pocket or trunk. It con- 
tains all those facts and figures which are most commonly referred to in everyday 



thin paper, so that the book may be readily carried in the pocket or trunk. It con- 
tains all those facts and figures which are most commonly referred to in everyday 
life, great care being taken to secure accuracy and clearness. It is not a collection 
of "curious information" made up from newspaper clip] 
arranged manual of the most useful general knowledge. 



HOW TO BECOME A GOOD MECHANIC. 

Intended as a Practical Guide to Self-taught Men : Telling What 
to Study; What Books to Use; How to Begin; What Difficulties 
will be met; How to Overcome Them. In a word, how to carry 
on such a course of self-instruction as will enable the young 
mechanic to rise from the bench to something higher. — Paper, ]5c. 
This is not a book of "goody-goody" advice, neither is it an advertisement of 
any special system, nor does it advocate any hobby. It gives plain practical advice 
in regard to acquiring that knowledge which alone can enable a young man engaged 
in any profession or occupation connected with the industrial arts to attain a po- 
sition higher than that of a mere workman. 

CEMENTS, CLUE, AND PASTE. 

A Practical Treatise on the Preparation and Use of all kinds of 
Cements, Glue, and Paste. — By John Phin, author of "How to 

Use the Microscope." — Paper 25 cents. 

Every mechanic and householder will find this volume of almost every-day use. 

It contains nearly two hundred recipes for the preparation of cements for almost 

every conceivable purpose. 

HINTS FOR PAINTERS, DECORATORS, AND 
PAPER-HANGERS. 

Being a Selection of Useful Rules, Data, Memoranda, Methods, 
and Suggestions for House. Ship, and Furniture Painting; Paper- 
Hanging, Gilding, Color-Mixing, and other matters useful and 
instructive to painters and decorators. — Prepared with special 
reference to the wants of amateurs.— By An Old Hand.— 
Pa P er 25 cents. 
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THE HARDWOOD FINISHER: 

With Rules and Directions for finishing in Natural Colors, and in 
Antique, Mahogany, Cherry, Birch, Walnut, Oak, Ash, Redwood, 
Sycamore, Pine, and all other Domestic Woods. Finishing, Filling, 
Staining, Varnishing, and Polishing. Also, Miscellaneous Rules 
for Dyeing, Gilding, and Bronzing.— Compiled and Edited by 
Fred. T. Hodgson, late Editor of The Builder and Woodworker, 
and of The Cabinetmaker and Upholsterer. — 12mo, cloth. . . $1 

In this country the art of using wood for almost every purpose has gone far 
beyond anything that has ever been attempted by any other people. The modern 
houses of the Americans are finished with a richness and beauty in the woodwork 
of which our fathers, not to speak of our grandfathers, had little idea. The car- 
penter, builder, or painter who does not fully understand the best methods of 
finishing the hard woods so as to preserve and increase their beauty is behind the 
times. The object of this book is to aid him in acquiring the knowledge necessary 
to this end; and the author has certainly succeeded in producing an exhaustive 
treatise on the subject. 

THE ENGINEER'S HANDY-BOOK: 

Containing a series of Useful Calculations for Engineers, Tool- 
makers, Millwrights, Draughtsmen, Foremen in Engineering Es- 
tablishments, and for the better class of Mechanics and Artizans 
generally. Also, Rules to determine the Proportion of Wheels for 
Screw-cutting by a Lathe, &c. — From the fifth London edition, 
with American additions. — 32mo, cloth 50 cents. 

PLAIN DIRECTIONS FOR THE 

CONSTRUCTION AND ERECTION of LIGHTNING- 

RODS. — By John Phin, C.E., author of "Chemical History of 
the Six Days of Creation," "How to Use the Microscope," &c. 
Enlarged and fully illustrated. — Third edition. — 12mo, cloth, 
gilt title 75 cents. 

This is a well-known and standard work. It is simple and practical, intended 
to convey just such information as will enable every property-owner to decide 
whether or not his buildings are thoroughly protected. It is the only book on this 
subject published in this country that has not been written in the interest of some 
patent or some manufacturing concern. By following its directions any ordinarily- 
skillful mechanic can put up a rod that will afford perfect protection, and that will 
not infringe on any patent. Every owner of a house or barn ought to procure a copy. 

TRADE "SECRETS" AND PRIVATE RECIPES. 

A Collection of Recipes, Processes, and Formulas that have been 
offered for sale at prices varying from 25 cents to $500. With 
Notes, Corrections, Additions, and Special Hints for Improve- 
ments. — Edited by John Phin, assisted by an experienced and 
skillful pharmacist. — Cloth, gilt title 60 cents. 

This work was prepared by the author for the purpose of collecting and pre- 
senting in a compact form all those recipes and so-called "trade secrets" which 
have been so extensively advertised and offered for sale. It is by no means a 
claptrap book, though it exposes many claptraps. It contains a large amount of 
valuable information that can not be readily found elsewhere ; and it gives not only 
the formulae, &c, for manufacturing an immense variety of articles, but important 
and trustworthy hints as to the best way of making money out of them. Even as a 
book of recipes it is worth more than its price to any one who is interested in the 
subject on which it treats. 
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A PRACTICAL GUIDE TO 

SUCCESS IN THE USE OF RECIPES, 

Formulae, &c, with Hints on Chemical and Mechanical Manipula- 
tion. — Intended as a supplement to all books of recipes. — By 

John Phin.— 12mo, paper 25 cents. 

While it is an undoubted fact that many of the recipes published in the ordinary 
collections are erroneous, either from original blunders on the part of the authors 
or from mistakes in copying, failure in the use of others frequently arises from 
defective information and vicious methods on the part of those who attempt to put 
them in practice. The object of the present book is to give such hints and cautions 
as will enable the worker to secure success where success is possible; and where 
the products are intended for sale it gives special and valuable advice as to the best 
methods of putting them on the market. 

A MANUAL OF INSTRUCTION IN 

THE ART OF WOOD ENGRAVING. 

With a Description of the necessary Tools and Apparatus, and 
Concise Directions for their Use ; Explanations of the Terms used 
and the Methods employed for producing the various classes of 
Wood Engravings.— By S. E. Fuller.— Fully illustrated with 
engravings by the author, separate sheets of eugravings for trans- 
fer and practice being added. — New edition, neatly bound. 50 cts. 

A really thorough and practical work, written for those who want to learn the 
art without the aid of a teacher. 

A GUIDE TO COLLODIO ETCHING.-B y 

Rev. Benjamin Hartley.— Illustrated by the author.— 12mo, 

cloth $1.00 

This volume gives complete and minute instructions for one of the most delight- 
ful of amateur arts. It is fully illustrated by woodcuts of all the apparatus used 
(which is very simple and easily made), and also by actual photo-prints of the 
etchings themselves. 

THE PRACTICAL POCKET COMPANION. 

A Cyclopedia of the most useful Facts, Figures, and General 
Information required by everybody in everyday life. — Edited by 
John Phin, author of "How to Use the Microscope," "The Work- 
shop Companion," "Chemical History of the Six Days of Crea- 
tion," &c. — Numerous illustrations 10 cents. 

Contents.— Abbreviations in Common Use— Business Laws and Commercial 
Rules — Acceptances— Agencies— Bills of Exchange— Checques — Common Carriers- 
Corporations— Law of Finding— Indorsements— Innkeepers— Negotiable Instruments 
—Partnerships— Promissory Notes— Protests— Receipts— Concrete Walls for Houses 
—Copyrights— Rules for Correspondence— How to treat Accidents to the Eye— Fac- 
tors of Safety— Best Methods of Extinguishing Fires— Language of Flowers— Sig- 
nificance of Gems and Precious Stones— Periods of Gestation and Incubation— Legal 
Holidays— Homestead Law— Distinguishing Characteristics and Anxious Periods of 
Infectious Diseases— Prevention of Attacks of Insects— Knots, and How to Tie 
Them, with full page of illustrations— General Rules— Single Draw-knot— Galley- 
knot— Square-knot, or Reefing-knot — Weaver's-knot, or Sheet-bend-knot — Half -hitch 
—Two Half -hitches— Clove-hitch— Timber-hitch— Bowline-knot — Fisherman's-knot 
—Whipping or Binding— Tying Parcels— Care of Leather— Lightning-rods, general 
rules for— Best Materials— Proper Size and Best Shapes of Rod— Painting— Points, 
or Air-Terminals — Ground Connections — Arrangement and Mode of Attaching the 
Rod to the House — Value of Moneys of Foreign Nations— Passports— Patents — Anti- 
dotes for Poisons— Postal Rules and Rates— Railroad and Steamboat Signals — Rules 
for Spelling and the Use of Capitals— Trade-marks— Weather Indications, &c. 
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